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CRH RESPONSIVE GENES IN CNS 



The present invention relates generally to therapy and diagnosis of 
5 depression. In particular this invention relates to the polypeptides as well as to the 
polynucleotides encoding these polypeptides, wherein said polypeptides are shown 
to play a central role in mediating the cellular response to corticotropin releasing 
hormone. These polypeptides and polynucleotides are useful in the diagnosis, 
treatment and/or prevention of depression. 

10 



BACKGROUND OF THE INVENTION 

Recent socioeconomic analyses found that depression is a leading cause of disability 
and a major risk factor for development of other diseases. Moreover, on a world-wide 

15 scale depression is underdiagnosed and undertreated. Current antidepressant drugs have 
proven to be effective, but are burdened with slow onset of action and side effects. 
Above this, it is still unclear by which pharmacological mode of action they exert their 
clinical effects. Hypothesis-driven research based upon the corticosteroid receptor 
hypothesis of depression has led to a novel concept focusing on brain neuropeptide 

20 receptors, specifically the corticotropin-releasing hormone (CRH) receptor as drug 
target. 

Corticotropin releasing hormone (CRH), a 41 -amino acid polypeptide plays a central 
role in the regulation of the hypothalamic-pituitary-adrenal axis, mediating the 
endocrine responses to various stressors. Hypothalamic neurons release CRH into the 

25 hypophyseal portal system in response to stress, stimulating the secretion and 

biosynthesis of pituitary adrenocorticotropin (ACTH) leading to increased adrenal 
glucocorticoid production (1). Several clinical and preclinical studies point towards a 
causal role for alterations in the CRH system in the development of depression (2). The 
first studies with CRH in humans showed that the ACTH response to CRH is blunted in 

30 depressed patients, reflecting a CRH receptor desensitization secondary to continuously 
increased hypothalamic CRH secretion (3;4). In support of blunted ACTH response as 
consequence of increased CRH release is the finding of elevated CRH levels in 
cerebrospinal fluid of patients with depression. Other findings strengthening this notion 
of CRH hypersecretion in the depressed state are an increased number of CRH secreting 

35 neurons and a decreased number of CRH receptors in suicide victims who suffered 
from depression (5;6). 
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For CRH two high affinity receptors have been described, CRH-R1 and CRH-R2, both 
of which exist in several splice variant forms. Activation of these receptors by CRH 
results in Gs-mediated stimulation of adenyl cyclase leading to increased levels of 
intracellular cAMP. This in itself will activate cAMP dependent protein kinase A 
5 (PKA) and ultimately result in increased cytosolic levels of cAMP and Ca 2+ . The 
increased levels of cAMP and Ca 2+ lead to the activation of several other additional 
kinases such as Ca 2+ /calmodulin-dependent kinase II (CAMKH) and p42/p44 mitogen 
activated kinases (MAPK). As a result the Ca 2+ /cAMP response element binding 
protein (CREB) is phosporylated and this in turn will regulate the transcription of genes 
10 containing cAMP response elements (CRE) in their promoter region. Examples of such 
genes shown to be involved in the modulation of CRH signaling include c-fos, 
macrophage migration-inhibitory factor gene Mif, orphan nuclear receptors Nurr77 and 
Nurrl. 

In order to develop an animal model for chronic pituitary-adrenal activation, CRF 

15 overexpressing mice (CRF-OE) have been generated (Stenzel-Poore et al., (1992) 

Endocrinology 130:3378-3386). These transgenic mice present a Cushingoid phenotype 
due to lifelong overproduction of ACTH and corticosterone as a result of global 
overexpression of CRF in these animals. In keeping with the role of brain CRF in 
mediating endocrine, autonomic and behavioral responses to stress, CRF-OE mice 

20 exhibit a spontaneous state of heightened emotionality, are hyper-reactive to stressors 
and central administration of a CRF receptor antagonist reverses these anxiogenic-like 
behaviors (Stenzel-Poore et al., (1994) J.Neurosci. 14:2579-2584) . These CRF-OE 
allow the investigation of the long-term effects of CRF on the central nervous system 
and have been used as a genetic model of anxiety and stress related behavior. 

25 Notwithstanding the fact that the downstream pathways for CRH activated receptors 
were extensively studied and led to the identification of a number of genes involved in 
the signaling cascade, a major area is unexplored. It was thus an object of the present 
invention to explore the transcriptional response to CRH stimulation at a genome wide 
level in order to identify further genes involved in the corticotropin-releasing hormone 

30 receptor activated gene network. The polypeptides thus identified and the 

polynucleotides encoding said polypeptides provide new chances for drug development 
as drug targets through screening techniques, or are useful in the diagnosis, prevention 
and/or treatment of depression. 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a number of genes that were 
hitherto not associated with CRH signaling and accordingly useful in methods to 
5 identify compounds, which modulate CHR signaling response in a cell or in 
diagnostic methods to identify CRH induced depression in an individual. 

In one embodiment the method to identify a compound capable to alter the CRH 
signaling response in a cell, in particular the murine pituitary corticotroph-derived 
adenoma cell line AtT-20 comprises, contacting said cell with CRH in the presence 

10 and absence of said compound and determine the expression level of a 
polynucleotide comprising a nucleic acid sequence selected from the group 
consisting of SEQ ID No.l, SEQ ID No.2, SEQ ID No.3, SEQ ID No A SEQ ID 
NO.5, SEQ ID NO.6, SEQ ID No.7, SEQ ID No.8, SEQ ID NO.9, SEQ ID 1 1, SEQ 
ID NO. 13, SEQ ID NO. 15, SEQ ID NO. 17, SEQ ID NO. 19, SEQ ID NO.21, SEQ 

15 ID NO.23, SEQ ID No.25, SEQ ID No.26, SEQ ID No.27, SEQ ID No.28, SEQ ID 
No.29, SEQ ID No.30, SEQ ID No.31, SEQ ID NO.32, SEQ ID NO.34, SEQ ID 
NO.36, SEQ ID No.38 and SEQ ID No.40. In this screening method the expression 
levels are typically assessed using an oligonucleotide probe that binds to the 
aforementioned polynucleotides, preferably using array technology methods. 

20 Accordingly in a particular embodiment the present invention provides a method to 
identify compounds that modulate the CRH signaling response in a cell said method 
comprising, contacting said cell with CRH in the presence and absence of said 
compound; and determine the expression level of the polynucleotides having the 
nucleic acid sequences SEQ ID No.l, SEQ ID No.2, SEQ ID No.3, SEQ ID No.4, 

25 SEQ ID NO.5, SEQ ID NO.6, SEQ ID No.7, SEQ ID No.8, SEQ ID NO.9, SEQ ID 
11, SEQ ID NO.13, SEQ ID NO.15, SEQ ID NO.17, SEQ ID NO.19, SEQ ID 
NO.21, SEQ ID NO.23, SEQ ID No.25, SEQ ID No.26, SEQ ID No.27, SEQ ID 
No.28, SEQ ID No.29, SEQ ID No.30, SEQ ID No.31, SEQ ID NO.32, SEQ ID 
NO.34, SEQ ID NO.36, SEQ ID No.38 and SEQ ID No.40, wherein a change in 

30 expression profile of these sequences is indicative for a compound capable to alter 
the CRH signaling response in said cell. 




BRIEF DESCRIPTION OF THE DRAWING 

Table 1 : Table of genes shown to be important mediators of CRH induced changes in 
the CNS. 

5 

Table 2 : Sequences of oligonucleotides used for RT-PCR 

Figure 1: Expression levels of CRH-R1 in different mouse tissues. Quantitative RT- 
PCR was applied on tissues derived from three different animals for the brain regions. 

10 

Figure 2: Spectral map analysis of microarray data obtained on all investigated brain 
areas. Squares depict different samples whereas circles depict genes. The diameter of 
the circle corresponds to the average intensity of a gene. Distances between squares are 
a measure for similarity between samples. A positive association of a gene with a given 
15 sample (i.e. an upregulation of that gene in that particular sample) results in the 

positioning of the gene and sample on a common line through the centroid (indicated by 
a cross). Different areas are shown in the following order (A) cerebellum, (B) frontal 
cortex, (C) hippocampus, (D) nucleus accumbens, (E) temporal area, (F) pituitary. 

20 

Figure 3: HPA axis parameters in animals used for microarray analysis. Plasma CORT 
levels are 6 to 8 times higher in CRH overexpressors compared to wild-type animals. 
No significant differences were observed in ACTH levels. 

25 Figure 4: Microarray and quantitative RT-PCR data for genes implicated in 
glucocorticoid signaling. (A) Array data showing a downregulation of 1 1 6- 
hydroxysteroid dehydrogenase type 1 (HSD1 lbl) in hippocampus were confirmed 
using quantitative RT-PCR (levels normalized against 6-actin). (B) Array data showing 
a significant upregulation in hippocampus and frontal cortex of FK506 binding protein 

30 5 (Fkbp5), a modulator of glucocorticoid receptor activation. (C) Array data on 

serum/glucocorticoid regulated kinase (Sgk) were confirmed by quantitative RT-PCR in 
frontal cortex. 

Figure 5: Microarray and quantitative RT-PCR data for neurotensin receptor 1 and 2. 
35 (A) Downregulation of neurotensin receptor 2 (Ntsr2) in CRH overexpressing mice 
observed in hippocampus was established using quantitative RT-PCR. Levels of 
neurotensin receptor 1 (Ntsrl) were below detection limit in microarray analysis. (B) 




Quantitative RT-PCR however established a similar downregulation of Ntsrl in CRH 
overexpressors. In addition two-way ANOVA on qRT-PCR data shows a significant 
effect of vehicle treatment which apparently is abolished by treatment with R121919. 

5 Figure 6: [ 125 I]NT binding (0.1 nM, 30 min, RT) to all NTS-sites determined via 
quantitative autoradiography on frozen glass-mounted brain tissue sections. Data are 
represented as the average IOD ± SEM of three animals determined on at least three 
different Bregma sections each. 

(*) : difference between the genetic groups with p< 0.05. 
10 AMG, amygdala including ACe, MeA, BMA, BLA; CG2, anterior cingulate cortex; 
HC-SR, hippocampus - stratum radiatum; RSG, retrosplenial granular cortex; TC, 
temporal/ parietal cortex; U, untreated; Ve, vehicle-treated; R, R121919-treated. 

Figure 7: [ I25 I]NT binding to NTSl&3-sites on structures within the hippocampal 
15 sections with Nts2 sites blocked by Levocabastine. Binding of 0.1 nM [ 125 I]NT (30 min, 

RT) was determined via quantitative autoradiography on frozen glass-mounted brain 

tissue sections. Data are represented as the average IOD ± SEM of three animals 

determined on at least three different Bregma sections each. 

(***) : difference between the genetic groups with p< 0.001 
20 SNC, substantia nigra pars compacta; other abbreviations, see legend Fig. 5. 

DETAILED DESCRIPTION 

As used herein, the term "compound" or "agent" means a biological or chemical 
25 compound such as a simple or complex organic molecule, a peptide, a protein or an 

oligonucleotide. A "test compound" as used herein, refers to a "compound" or 
"agent" used in a method according to the invention to assess whether said 
compounds modulates CRH signalling activity. 
"CRH signaling" as used herein refers to the cellular changes in gene transcription 
30 after activation of the corticotropin releasing hormone receptor by CRH in said 

cell. It thus induces a CRH specific gene expression profile. Changes at the 
transcriptional level can be assessed either at the protein level or at the gene, 
RNA level. 

"CRH response activity" as used herein refers in general to the change of a 
35 detectable cellular parameter as a result of the exposure of said cell to CRH. 

Detectable cellular parameters include amongst others, changes in membrane 




potential, changes in enzyme activity of an enzyme that modulates CRH 
signalling a said cell, changes in expression levels of a protein according to the 
invention or changes in the amount of second messengers such as cGMP, 
cAMP, Ca 2+ or IP 3 . 

5 

The term "analog" or "functional analog" refers to a modified form of mammalian 
purine permeases in which at least one amino acid substitution has been made 
such that said analog retains substantially the same biological activity as the 
unmodified mammalian purine permease in vivo and/or in vitro. 
10 "Sample" or "Biological sample" as used herein refers to cells, cell extracts, body 
fluids or tissue samples such as from, blood, urine, saliva, tissue biopsy or 
autopsy material. 

The term "functional analog" is intended to include the "fragments," "variants," 
"degenerate variants," "analogs" and "homologues" or to "chemical derivatives" 

15 of the polypeptides according to the invention. Useful chemical derivatives of 

polypeptide are well known in the art and include, for example covalent 
modification of reactive organic site contained within the polypeptide with a 
secondary chemical moiety. Well known cross-linking reagents are useful to 
react to amino, carboxyl, or aldehyde residues to introduce, for example an 

20 affinity tag such as biotin, a fluorescent dye, or to conjugate the polypeptide to 

a solid phase surface (for example to create an affinity resin) 

Variant(s) of polynucleotides or polypeptides, as the term is used herein, are 
polynucleotides or polypeptides that differ from a reference polynucleotide or 

25 polypeptide, respectively. A variant of the polynucleotide may be a naturally 

occurring variant such as a naturally occurring allelic variant, or it may be a 
variant that is not known to occur naturally. (1) A polynucleotide that differs in 
nucleotide sequence from another, reference polynucleotide. Generally, 
differences are limited so that the nucleotide sequences of the reference and the 

30 variant are closely similar overall and, in many regions, identical. As noted 

below, changes in the nucleotide sequence of the variant may be silent. That is, 
they may not alter the amino acids encoded by the polynucleotide. Where 
alterations are limited to silent changes of this type a variant will encode a 
polypeptide with the same amino acid sequence as the reference. Also as noted 

35 below, changes in the nucleotide sequence of the variant may alter the amino 

acid sequence of a polypeptide encoded by the reference polynucleotide. Such 
nucleotide changes may result in amino acid substitutions, additions, deletions, 
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fusions and truncations in the polypeptide encoded by the reference sequence, 
as discussed above. (2) A polypeptide that differs in amino acid sequence from 
another, reference polypeptide. Generally, differences are limited so that the 
sequences of the reference and the variant are closely similar overall and, in 
5 many regions, identical. A variant and reference polypeptide may differ in 

amino acid sequence by one or more substitutions, additions, deletions, fusions 
and truncations, which may be present in any combination. 
The terms "complementary" or "complementarity" as used herein refer to the 
capacity of purine and pyrimidine nucleotides to associate through hydrogen 

10 bonding to form double-stranded nucleic acid molecules. The following base 

pairs are related by complementarity: guanine and cytosine; adenine and 
thymine; and adenine and uracil. As used herein "complementary" means that 
the aforementioned relationship applies to substantially all base pairs 
comprising two single-stranded nucleic acid molecules over the entire length of 

15 said molecules. "Partially complementary" refers to the aforementioned 

relationship in which one of the two single-stranded nucleic acid molecules is 
shorter in length than the other such that a portion of one of the molecules 
remains single-stranded. 
The term "conservative substitution" or "conservative amino acid substitution" 

20 refers to a replacement of one or more amino acid residue(s) in a parent protein 

without affecting the biological activity of the parent molecule based on the art 
recognized substitutability of certain amino acids (See e.g. M. Dayhoff, In 
Atlas of Protein Sequence and Structure , Vol. 5, Supp. 3, pgs 345-352, 1978). 
"Fragment thereof refers to a fragment, piece, or sub-region of a nucleic acid or 

25 protein molecule whose sequence is disclosed herein, such that said fragment 

comprises 5 or more amino acids, or 10 or more nucleotides that are contiguous 
in the parent protein or nucleic acid molecule. 
"Functional fragment" as used herein, refers to an isolated sub-region, or fragment 
of a protein disclosed herein, or sequence of amino acids that, for example, 

30 comprises a functionally distinct region such as an active site for a receptor. 

Functional fragments may be produced by cloning technology, or as the natural 
products of alternative splicing mechanims. 
The term "homolog" or "homologous" describes the relationship between different 
nucleic acid molecules or amino acid sequences in which said sequences or 

35 molecules are related by partial identity or similarity at one or more blocks or 

regions within said molecules or sequences. "Isolated nucleic acid compound" 




refers to any RNA or DNA sequence, however construed or synthesized, which 
is locationally distinct from its natural location. 
A "nucleic acid probe" or "probe" as used herein is a labeled nucleic acid 
compound which hybridizes with another nucleic acid compound. "Nucleic 
5 acid probe" means a single stranded nucleic acid sequence that will hybridize 

with a single stranded target nucleic acid sequence. A nucleic acid probe may 
be an oligonucleotide or a nucleotide polymer. A "probe" will usually contain a 
detectable moiety which may be attached to the end(s) of the probe or be 
internal to the sequence of the probe. 
10 The term "primer" is a nucleic acid fragment which functions as an initiating 
substrate for enzymatic or synthetic elongation of, for example, a nucleic acid 
molecule. 

The term "hybridization" as used herein refers to a process in which a single- 
stranded nucleic acid molecule joints with a complementary strand through 
15 nucleotide base pairing. 

The term "stringency" refers to hybridization conditions. High stringency 
conditions disfavor non-homologous base pairing. Low stringency conditions have 
the opposite effect. Stringency may be altered, for example, by temperature and salt 
concentration. "Stringent conditions" refers to an overnight incubation at 42°C in a 
20 solution comprising 50% formamide, 5x SSC (750 mM NaCl, 75 mM sodium 
citrate), 50 mM sodium phosphate (pH 7.6), 5x Denhardt's solution, 10% dextran 
sulfate, and 20 [xg/ml denatured, sheared salmon sperm DNA, followed by washing 
the filters in 0.1 x SSC at about 65 °C. Further suitable hybridization conditions are 
described in the examples. 
25 "Lower stringency conditions" include an overnight incubation at 37°C in a solution 
comprising 6X SSPE (20X SSPE = 3M NaCl; 0.2M NaH 2 P04; 0.02M EDTA, 
pH 7.4), 0.5% SDS, 30% formamide, 100 |^g/ml salmon sperm blocking DNA; 
followed by washes at 50°C with 1 X SSPE, 0.1% SDS. In addition, to achieve 
even lower stringency, washes performed following stringent hybridization can 
30 be done at higher salt concentrations (e.g. 5X SSC). Note that variations in the 

above conditions may be accomplished through the inclusion and/or 
substitution of alternate blocking reagents used to suppress background in 
hybridization experiments. Typical blocking reagents include Denhardt's 
reagent, BLOTTO, heparin, denatured salmon sperm DNA, and commercially 
35 available proprietary formulations. The inclusion of specific blocking reagents 

may require modification of the hybridization conditions described above, due 
to problems with compatibility. 




The term "fusion protein" as used herein refers to protein constructs that are 
the result of combining multiple protein domains or linker regions for the purpose 
of gaining the combined functions of the domains or linker regions. This is may be 
accomplished by molecular cloning of the nucleotide sequences encoding such 

5 domains to produce a new polynucleotide sequence that encodes the desired fusion 
protein. Alternatively, creation of a fusion protein may be accomplished by 
chemically joining two proteins. 

The term "linker region" or "linker domain" or similar such descriptive 
terms as used herein refers to polynucleotide or polypeptide sequence that are used 

10 in the construction of a cloning vector or fusion protein. Functions of a linker 
region can include introduction of cloning sites into the nucleotide sequence, 
introduction of a flexible component or space-creating region between two protein 
domains, or creation of an affinity tag for specific molecule interaction. A linker 
region may be introduced into a fusion protein resulting from choices made during 

15 polypeptide or nucleotide sequence construction. 



Screening methods 

The present invention relates to screening methods to identify compounds that 
20 modulate corticotropin-releasing hormone (CRH) induced depression and stress. It is 
based on the identification of a number of genes as downstream modulators of the CRH 
activated CRH receptors. In particular this invention provides a method for identifying 
a compound capable to alter the CRH signalling response in a cell, said method 
comprising; 

25 a) contacting said cell with CRH in the presence and absence of said compound; 

b) determine the change at transcriptional level of at least one protein that 
modulates corticotropin releasing hormone (CRH) signaling in said cell; and 

c) compare the transcriptional level of said protein in the presence and absence of 
said compound; 

30 whereby the protein that modulates corticotropin releasing hormone (CRH) 

signaling is being selected from the group consisting of SEQ ID NO. 10, SEQ ID 
12, SEQ ID NO. 14, SEQ ID NO. 16, SEQ ID NO. 18, SEQ ID NO.20, SEQ ID 
NO.22, SEQ ID NO.24, SEQ ID NO.33, SEQ ID NO.35, SEQ ID N0.37, SEQ 
ID No.39 and SEQ ID No.41 . 
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To determine the change of transcription at the protein level one could 
determine the amount of said protein using art known techniques. For example 
using separation techniques such as isoelectric focusing or SDS-page in 
combination with protein staining techniques such as coomassie or silver staining. 
5 Alternatively, for proteins that are enzymes, the amount in a given solution or tissue 
extract can be measured or assayed in terms of the catalytic effect the enzyme 
produces, that is the conversion of its substrate into reaction product. For example, 
for kinases one may assess the kinase activity using a substrate comprising the 
kinase specific phosphorylation site and by measuring the phosphorylation of the 

10 substrate by incorporation of radioactive phosphate into the substrate. This assay 
may be perfomed both in the presence and absence of the compound to be tested. 
For proteins that are not enzymes, other quantification methods are required. For 
example transport proteins can be assayed by their binding to the molecule they 
transport and hormones and toxins by the biological effect they produce. 

15 To assess changes in transcription at the gene level, RNA or cDNA may be used 

directly for detection or may be amplified enzymatically by using PCR or other 
amplification techniques prior to analysis. Preferably said analysis method comprises 
the use of a labelled oligonucleotide probe targeted to a suitable region of the gene 
encoding a protein that modulates CRH signalling in said cell. Accordingly, in a 

20 preferred embodiment the level of gene transcription is assessed using a probe which 
binds to a polynucleotide encoding an amino acid sequence selected from the group 
consisting of SEQ ID NO.10, SEQ ID 12, SEQ ID NO.14, SEQ ID NO.16, SEQ ID 
NO. 18, SEQ ID NO.20, SEQ ID NO.22, SEQ ID NO.24, SEQ ID N0.33, SEQ ID 
NO.35, SEQ ID N0.37, SEQ ID No.39 and SEQ ID No.41 . 

25 In another embodiment, an array of oligonucleotides probes comprising a 

nucleotide sequence encoding a protein that modulates CRH signalling or fragments 
thereof can be constructed to conduct efficient screening of gene expression. Array 
technology methods are well known and have general applicability and can be used to 
address a variety of questions in molecular genetics including gene expression, genetic 

30 linkage, and genetic variability (see for example: M.Chee et al., Science, Vol 274, pp 
610-613 (1996)). 

In an alternative embodiment, the method for identifying a compound capable to 
alter the CRH signalling response in a cell, comprises; 

a) contacting said cell with CRH in the presence and absence of said compound; 
35 and 

b) determine the expression level of a polynucleotide comprising a nucleic acid 
sequence selected from the group consisting of SEQ ID No. 1 , SEQ ID No.2, SEQ ID 
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No.3, SEQ ID No.4, SEQ ID N0.5, SEQ ID NO.6, SEQ ID No.7, SEQ ID No.8, SEQ 
ID N0.9, SEQ ID 1 1, SEQ ID NO. 13, SEQ ID NO. 15, SEQ ID NO. 17, SEQ ID NO. 19, 
SEQ ID N0.21 , SEQ ID N0.23, SEQ ID No.25, SEQ ID No.26, SEQ ID No.27, SEQ 
ID No.28, SEQ ID No.29, SEQ ID No.30, SEQ ID No.31, SEQ ID N0.32, SEQ ID 
5 N0.34, SEQ ID N0.36, SEQ ID No.38 and SEQ ID No.40. 

To assess changes in expression levels, RNA or cDNA may be used directly for 
detection or may be amplified enzymatically by using PCR or other amplification 
techniques prior to analysis. Preferably said analysis method comprises the use of a 
labelled oligonucleotide probe targeted to a suitable region of the polynucleotide. 

10 Accordingly, in a preferred embodiment the level of gene transcription is assessed using 
a probe which binds to a polynucleotide comprising a nucleic acid sequence selected 
from the group consisting of SEQ ID No. 1 , SEQ ID No.2, SEQ ID No.3, SEQ ID No.4, 
SEQ ID NO.5, SEQ ID NO.6, SEQ ID No.7, SEQ ID No.8, SEQ ID NO.9, SEQ ID 1 1, 
SEQ ID NO.13, SEQ ID NO.15, SEQ ID NO.17, SEQ ID NO.19, SEQ ID NO.21, SEQ 

15 ID N0.23, SEQ ID No.25, SEQ ID No.26, SEQ ID No.27, SEQ ID No.28, SEQ ID 
No.29, SEQ ID No.30, SEQ ID No.31, SEQ ID NO.32, SEQ ID NO.34, SEQ ID 
NO.36, SEQ ID No.38 and SEQ ID No.40. 

In another embodiment, an array of oligonucleotides probes comprising a 
nucleotide sequence encoding a protein that modulates CRH signalling or fragments 

20 thereof can be constructed to conduct efficient screening of gene expression. In this 
embodiment the invention provides a method for identifying a compound capable to 
alter the CRH signaling response in a cell, said method comprising, contacting said cell 
with CRH in the presence and absence of said compound; and determine the expression 
level of the poynucleotides having the nucleic acid sequences SEQ ID No.l, SEQ ID 

25 No.2, SEQ ID No.3, SEQ ID No.4, SEQ ID NO.5, SEQ ID NO.6, SEQ ID No.7, SEQ 
ID No.8, SEQ ID NO.9, SEQ ED 11, SEQ ID NO.13, SEQ DO NO.15, SEQ ID NO.17, 
SEQ ID NO.19, SEQ ID NO.21, SEQ ID N0.23, SEQ ID No.25, SEQ ID No.26, SEQ 
ID No.27, SEQ ID No.28, SEQ ID No.29, SEQ ID No.30, SEQ ID No.31, SEQ ID 
NO.32, SEQ ID NO.34, SEQ ID NO.36, SEQ ID No.38 and SEQ ID No.40.. In 

30 particular, using an array of oligonucleotide probes that bind to the polynucleotides 
having the nucleic acid sequences SEQ ID No.l, SEQ ID No.2, SEQ ID No.3, SEQ ID 
No.4, SEQ ID NO.5, SEQ ID NO.6, SEQ ID No.7, SEQ ID No.8, SEQ ID NO.9, SEQ 
ED 1 1 , SEQ ID NO. 1 3, SEQ ID NO. 1 5, SEQ ID NO. 1 7, SEQ ID NO 1 9, SEQ ID 
NO.21, SEQ ID N0.23, SEQ ID No.25, SEQ ID No.26, SEQ ID No.27, SEQ ED No.28, 

35 SEQ ID No.29, SEQ ID No.30, SEQ ID No.3 1 , SEQ ID NO.32, SEQ ID NO.34, SEQ 
ED NO.36, SEQ DD No.38 and SEQ ED No.40. Array technology methods are well 
known and have general applicability and can be used to address a variety of questions 




in molecular genetics including gene expression, genetic linkage and genetic variability 
(see for example: M.Chee et al. f Science, Vol.274, pp 610-613 (1996)). 

5 In case the genomic DNA is not used directly, mRNA may be isolated, and a 

first strand cDNA synthesis carried out. A second round of DNA synthesis can be 
carried out for the production of the second strand. Subsequently by the specific 
PCR amplification an isolated cDNA can be obtained. If desired the double- 
stranded cDNA can be cloned into any suitable vector, for example, a plasmid, 

10 thereby forming a cDNA libary. In analogy to the above, it is possible to screen 
cDNA libraries constructed in a bacteriophage or plasmid shuttle vector with a 
labeled oligonucleotide probe targeted to any suitable region of the gene encoding a 
protein that modulates CRH signalling. See e.g. PCR Protocols: A Guide to 
Method and Application , Ed. M. Innis et a/., Academic Press (1990). . 

15 Methods for constructing cDNA libraries in a suitable vector such as a plasmid 

or phage for propagation in prokaryotic or eukaryotic cells are well known to those 
skilled in the art. [See e.g. Maniatis et al. Supra]. Suitable cloning vectors are well 
known and are widely available. 

In a further embodiment changes in gene transcription are determined at 

20 mRNA level. Decreased or increased expression can be measured at the RNA level 
using any of the methods well known in the art for the quantitation of 
polynucleotides, such as, for example; nucleic acid amplification, for instance via 
PCR, RT-PCR; RNase protection; Northern blotting and other hybridization 
methods. Assay techniques that can be used to determine levels of a protein, such as 

25 a polypeptide of the present invention, in a sample derived from a host are well- 
known to those of skill in the art. Such assay methods include radioimmunoassays, 
competitive-binding assays, Western Blot analysis and ELISA assays. Assay 
techniques that can be used to determine the presence of protein derivatives or 
variants comprise amongst others mass spectrometry. 

30 

It is thus an object of the present invention to provide a method for identifying a 
compound capable to alter the CRH signalling response in a cell, said method 
comprising; 

a) contacting said cell with CRH in the presence and absence of said compound; 

35 b) determine the amount of at least one protein that modulates corticotropin 

releasing hormone (CRH) signaling in said cell; and 
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c) compare the amount of said protein in the presence and absence of said 
compound; 

whereby the protein that modulates corticotropin releasing hormone (CRH) 
signaling is being selected from the group consisting of SEQ ID NO. 10, SEQ ID 
5 12, SEQ ID NO.14, SEQ ID NO.16, SEQ ID NO.18, SEQ ID NO.20, SEQ ID 

N0.22, SEQ ID N0.24, SEQ ID N0.33, SEQ ID N0.35, SEQ ID NO.37, SEQ 
ID No.39 and SEQ ID No.41 . 

Preferably, the method to assay the amount of protein that modulates CRH signaling is 
using an antibody which binds to a polypeptide comprising an amino acid sequence 

10 selected from the group consisting of SEQ ID NO. 10, SEQ ID 12, SEQ ID NO.14, SEQ 
ID NO.16, SEQ ID NO.18, SEQ ID NO.20, SEQ ID NO.22, SEQ ID NO.24, SEQ ID 
NO.33, SEQ ID N0.35, SEQ ID NO.37, SEQ ID No.39 and SEQ ID No.41 . 

Thus in another embodiment, this invention provides a monospecific antibody 
immunologically reactive with a protein that modulates CRH signalling said protein 

15 being selected from the group consisting of SEQ ID NO. 10, SEQ ID 12, SEQ ED 
NO.14, SEQ ID NO.16, SEQ ID NO.18, SEQ ID NO.20, SEQ ID NO.22, SEQ ID 
NO.24, SEQ ID NO.33, SEQ ID NO.35, SEQ ID NO.37, SEQ ID No.39 and SEQ ID 
No.41. 

Antibodies generated against polypeptides of the present invention may be 
20 , obtained by administering the polypeptides or epitope-bearing fragments, analogs or 
cells expressing these to an animal, preferably a non-human animal, using routine 
protocols. For preparation of monoclonal antibodies, any technique which provides 
antibodies produced by continuous cell line cultures can be used. Examples include 
the hybridoma technique (Kohler, G. and Milstein, C, Nature (1975)256:495-491), 
25 the trioma technique, the human B-cell hybridoma technique (Kozbor et. al, 
Immunology Today (1983)4:72) and the EBV-hybridoma technique (Cole et al., 
MONOCLONAL ANTIBODIES AND CANCER THERAPY, pp.77-96, Alan R. 
Liss,Inc, 1985). 

Techniques for the production of single chain antibodies, such as those 
30 described in U.S. Patent No.4,946,778, can also be adapted to produce single chain 
antibodies to polypeptides of this invention. Also, transgenic mice, or other 
organisms, including other mammals, may be used to express humanized antibodies. 

The above-described antibodies may be employed to isolate or to identify 
clones expressing the polypeptide or to purify the polypeptides by affinity 
35 chromatography. 

Antibodies against polypeptides of the present invention may also be employed 




to treat the CRH metabolism related disorders such as CRH induced stress or 
depression amongst others. 

To determine the amount of protein that modulates CRH signalling, the 
antibodies according to the invention are used in conventional immunological 
5 techniques. Suitable immunological techniques are well known to those skilled in the 
art and include for example, ELISA, Western Blot analysis, competitive or sandwich 
immunoassays and the like, as is otherwise well known they all depend on the 
formation of an antigen-antibody immune complex wherein for the purpose of the 
assay, the antibody can be detectable labeled with, e.g. radio, enzyme or fluorescent 

10 labels or it can be immobilized on insoluble carriers. 

For example in an ELISA screening format the antibody is added to a solid 
phase (for example the bottom of a microplate) which is coated with either the protein 
or a peptide fragment thereof coupled to a carrier (such as BSA), and then, adding an 
anti-immunoglobin antibody (for example when the immunization is performed in 

15 mice, an anti-mouse immunoglobulin antibody is used, e.g. sheep-anti-mouse 

immunoglobulin (Ig)) conjugated with a detectable label such as an enzyme, preferably 
horseradish peroxidase, or a radioactive isotope such as 125 I. 

It is thus an object of the invention to provide immunoassays for the 
determination or detection of proteins that modulate CRH signalling in a sample, the 

20 method comprising contacting the sample with an antibody to the proteins according to 
the invention and determining whether an immune complex is formed between the 
antibody and said protein. These methods can either be performed on tissue samples 
or body fluid samples and generally comprise obtaining a sample from the body of a 
subject; contacting said sample with an imaging effective amount of a detectably 

25 labeled antibody according to the invention; and detecting the label to establish the 
presence of proteins that modulate CRH signalling in the sample. 

The measuring methods using the antibodies of the present invention are not 
particularly limited. Any measuring method may be used as long as the amount of 
antibodies, antigens or the antigens-antibody complexes corresponding to the amount of 

30 the antigens to be measured is detected by chemical or physical means, and calculated 
from standard curves prepared by the use of standard solutions containing the antigens 
in known amounts. For example, nephelometry, competitive methods, immunometric 
methods and sandwich methods are suitably used. With respect to sensitivity and 
specificity, it is particularly preferred to use sandwich methods described below. 

35 In measuring methods using labelling substances, radioisotopes, enzymes, 

fluorescent substances, luminous substances, etc. are used as labelling agents. 
Examples of the radioisotopes include 125 I, 131 I, 3 H and 14 C. Enzymes are usually 




made detectable by conjugation of an appropriate substrate that, in turn catalyzes a 
detectable reaction. Examples thereof include, for example, beta-galactosidase, beta- 
glucosidase, alkaline phosphatase, peroxidase and malate deydrogenase, preferably 
horseradish peroxidase. The luminous substances include, for example, luminol, 
5 luminol derivatives, luciferin, aequorin and luciferase. Further, the avidin-biotin 
systems can also be used for labelling the antibodies and immunogens of the present 
invention. 



Accordingly, in a further aspect, the present invention provides for a method of 
10 identifying and obtaining compounds that alter the CRH signalling response activity 
in a cell, comprising: 

a) contacting a cell which expresses at least one protein comprising an amino acid 
sequence selected from the group consisting of SEQ ID NO. 10, SEQ ID 12, SEQ 
ID NO. 14, SEQ ID NO. 16, SEQ ID NO. 18, SEQ ID NO.20, SEQ ID N0.22, 

15 SEQ ID NO.24, SEQ ID NO.33, SEQ ID NO.35, SEQ ID NO.37, SEQ ID 

No.39 and SEQ ID No.41, with said test compound; and 

b) compare the CRH response activity of said cell in the presence and absence of 
said compound. 

20 Changes in membrane potential can be measured using conventional 

electrophysiological techniques and when they become available, using novel high 
throughput methods currently under development. Since the change in membrane 
potential are normally the result of ion fluxes, as an alternative approach, changes in 
membrane potential can be measured indirectly through the change in intracellular ion 

25 concentrations using ion-sensitive fluorescent dyes, including fluo-3, fluo-4, fluo-5N, 
fura red, Sodium Green, SBFI and other similar probes from suppliers including 
Molecular Probes. Other fluorescent dyes, from suppliers including Molecular Probes, 
such as DIBAC 4 p> or Di-4-Anepps can detect membrane potential changes. For 
example calcium and sodium ion fluxes can thus be characterised in real time, using 

30 fluorometric and fluorescence imaging techniques, including fluorescence microscopy 
with or without laser confocal methods combined with image analysis algorithms. 

In a preferred embodiment this assay is based around an instrument called a 
FLuorescence Imaging Plate Reader ((FLIPR), Molecular Devices Corporation). In its 
35 most common configuration, it excites and measures fluorescence emitted by 

fluorescein-based dyes. It uses an argon-ion laser to produce high power excitation at 




488 nm of a fluorophore, a system of optics to rapidly scan the over the bottom of a 96- 
/384-well plate and a sensitive, cooled CCD camera to capture the emitted fluorescence. 
It also contains a 96-/384-well pipetting head allowing the instrument to deliver 
solutions of test agents into the wells of a 96-/384-well plate. The FLIPR assay is 
5 designed to measure fluorescence signals from populations of cells before, during and 
after addition of compounds, in real time, from all 96-/384-wells simultaneously. 

It is thus an object of the present invention to provide a FLIPR assay used to 
screen for and characterise compounds functionally active in modulating CRH response 
in cells, said cells expressing a protein selected from the group consisting of SEQ ID 
10 NO.10, SEQ ID 12, SEQ ID NO.14, SEQ ID NO.16, SEQ ID NO.18, SEQ ID NO.20, 
SEQ ID NO.22, SEQ ID NO.24, SEQ ID NO.33, SEQ ID NO.35, SEQ ID N0.37, SEQ 
IDNo.39 and SEQIDNo.41. 

In an alternative embodiment, the activity of the cell may be assessed using 
electrophysiological methods. Therefore, proteins modulating CRH signalling in a 
15 cell can be characterised using whole cell and single channel electrophysiology. 

It is thus a further object of this invention to provide a screening method to 
identify compounds which modulate CRH signalling response activity in a cell, said 
method comprising; 

(a) contacting a host cell expressing a protein selected from the group consisting of 
20 SEQ ID NO.10, SEQ ID 12, SEQ ID NO.14, SEQ ID NO.16, SEQ ID NO.18, SEQ 

ID NO.20, SEQ ID NO.22, SEQ ID NO.24, SEQ ID NO.33, SEQ ID NO.35, SEQ 
ID NO.37, SEQ ID No.39 and SEQ ID No.41, with a compound to be tested; 

(b) measuring the effect of the test compound on the membrane potential of said cell 
using electrophysiological techniques; and 

25 (c) compare the CRH response activity of said cell in the presence and absence of 
said compound. 

In a preferred embodiment the host cells are Xenopus oocytes and the 
electrophysiological measurement consists of measuring the membrane current using 
the voltage clamp technique at distinct membrane potentials. 

30 Changes in enzyme activity of an enzyme that modulates CRH signalling a said cell, 
can generally be measured or assayed in terms of the catalytic effect the enzyme 
produces, that is the conversion of its substrate into reaction product. For example, for 
kinases one may assess the kinase activity using a substrate comprising the kinase 
specific phosphorylation site and by measuring the phosphorylation of the substrate. 

35 Similarly for phosphatases one may assess the phosphatase activity using a 

phosphorylated substrate and by measuring the dephosphorylation of the substrate. 
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These assays may be performed both in the presence and absence of the compound to 
be tested. 

It is thus an object of the present invention to provide a method for identifying a 
compound capable to alter the CRH signalling response activity in a cell, said method 
5 comprising; 

a) contacting a mixture comprising a kinase selected from the group consisting 
of SEQ ED NO. 10, SEQ ID 12, SEQ ID NO. 14, SEQ ID NO. 16, SEQ ID NO. 18, SEQ 
ID NO.20, SEQ ID N0.22, SEQ ID NO.24, SEQ ID NO.33, SEQ ID N0.35, SEQ ID 
NO.37, SEQ ID No.39 and SEQ ID No:4L, a source of phosphate and a suitable kinase 

10 substrate; 

b) incubating said mixture in the presence or absence of a said compound and ; 
measuring the level of phosphorylation of said substrate in the presence of said 

compound compared to the level of phosphorylation of said substrate in the absence of 
said test compound. 

15 In the assay of the invention, the kinase may be provided as a protein or it may be 
provided in the assay mixture as an mRNA encoding said kinase. When the assay 
comprises cell-free components, the kinase is provided as the protein. When the assay 
is conducted in the milieu of a cell, the kinase may be provided as either the protein or 
as an mRNA encoding said kinase, wherein, in order that the kinase be available in the 

20 assay, the mRNA is translated and kinase protein is thereby produced. It will be 

apparent from the Examples provided herein that it is a simple matter to obtain mRNA 
specifying the kinase and inject the mRNA into a cell for production of the kinase 
protein. The kinase may also be provided by expression of a plasmid, which encodes 
the kinase protein. Standard molecular biology techniques may be used to construct 

25 operable plasmids encoding the kinase protein and to express the plasmid in cells 
(Sambrook, et al., 1989, In: Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor Laboratory, New York). 

As discussed herein, the method of identifying a kinase modulator may be performed 
either in vitro wherein the assay mixture is cell-free, in vitro wherein live cells are 

30 included in the assay, or in vivo in an animal. Thus, in one aspect of the invention, the 
mixture is contained within a eukaryotic cell and the method of the invention may be 
performed wherein some of the components of the assay mixture may be provided 
exogenously to a cell my microinjection of the components therein, and some of the 
components may be endogenous in the cell. 

35 The term "endogenous in the cell" as used herein, means that the component is naturally 
produced in the subject cell. 
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The term "exogenous to the cell" as used herein, means that the component is not found 
naturally in the subject cell, or is found therein at a low level, and is added thereto. 
When the method of the invention is performed using a eukaryotic cell, one or more of 
the kinase protein, the kinase substrate and the test compound may be injected into the 
5 eukaryotic cell prior to the incubation. The cell so injected is then incubated under 
conditions that facilitate protein kinase activity and the level of protein kinase activity 
is subsequently measured following the incubation period using the assays described 
herein. 

The eukaryotic cell that is useful in the methods of the invention may be any one of a 
10 Xenopus laevis oocyte, a Xenopus laevis embryo cell, a mammalian cell (such as a I 
OTI/2 cell), a Drosophila melanogaster S2 cell, a Dictyostefium discoideum cell and a 
yeast cell. Still more preferably, the eukaryotic cell is the murine pituitary corticotroph- 
derived adenoma cell line cell AtT-20. 

The source of phosphate for use in the methods of the invention may be any common 
15 source of phosphate, including, but not limited to, a nucleotide triphosphates such as, 
but not limited to, ATP or GTP. In a preferred embodiment, the phosphate source has 
bound thereon a detectable label which label is transferred with the phosphate group to 
the kinase substrate during the reaction. In this manner, phosphorylated kinase substrate 
may be distinguished from non- phosphorylated kinase substrate in that the 
20 phosphorylated substrate will contain the detectable label whereas the non- 

phosphorylated substrate will not contain the label. In another embodiment, the 
phosphate source does not have bound thereon a detectable label; instead, 
phosphorylated kinase substrate may be distinguished from non- phosphorylated kinase 
substrate, for instance by recognition of one form of the substrate, but not the other, by 
25 an antibody. 

The detectable label which is useful in the methods of the invention may include any 
known or heretofore unknown detectable label which is transferred to the kinase 
substrate upon transfer of a phosphate group thereto as a result of protein kinase 
activity. Labels which are useful include, but are not limited to, radioactive labels, such 
30 as y* 2 P, 31 S , and non-radioactive labels, such as biotin and the like. 
Preferably the kinase assay is performed in a cell and comprising; 

a) contacting a cell comprising a kinase selected from the group consisting of 
SEQ ID NO. 10, SEQ ID 12, SEQ ID NO. 14, SEQ ID NO. 16, SEQ ID NO. 18, SEQ ED 
NO.20, SEQ ID NO.22, SEQ ID N0.24, SEQ ID NO.33, SEQ ID NO.35, SEQ ID 

35 N0.37, SEQ ID No.39 and SEQ ID No.41 , with a source of phosphate and a suitable 
kinase substrate; 

b) incubating said mixture in the presence or absence of a said compound and ; 
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c) compare the CRH response activity of said cell in the presence and absence 
of said compound. 

Similarly, a change in CRH signaling response may be assessed using a phosphatase 
5 assay, said assay comprising; 

a) contacting a mixture comprising a phosphatase selected from the group 
consisting of SEQ ID NO. 1 0, SEQ ID 1 2, SEQ ID NO. 14, SEQ ID NO. 1 6, SEQ ID 
NO. 18, SEQ ID NO.20, SEQ ID N0.22, SEQ ID NO.24, SEQ ID NO.33, SEQ ID 
NO.35, SEQ ID NO.37, SEQ ID No.39 and SEQ ID No.41 , and a suitable 

10 phosphorylated substrate; 

b) incubating said mixture in the presence or absence of a said compound and ; 
measuring the level of phosphorylation of said substrate in the presence of said 

compound compared to the level of phosphorylation of said substrate in the absence of 
said test compound. 

1 5 As for the kinase assay, the phosphatase in the assay of the invention, may be provided 
as a protein or it may be provided in the assay mixture as an mRNA encoding said 
phosphatase. The phosphorylated substrate is typically labeled with a detectable 
phosphate residue. Labels which are useful include, but are not limited to, radioactive 
labels, such as y* 2 P, 3l S , and non-radioactive labels, such as biotin and the like. For 

20 use in a phosphatase activity assay, the substrate preferably consists of a peptide 

substrate, phosphorylated at a tyrosine or serine residue, typically labeled with y^P. In 
general, phosphorylation may be accomplished in a variety of ways. Typically, a protein 
tyrosine kinase is used. For example, a soluble EGF-receptor kinase in combination 
with . sup.32 P-labeled ATP may be used to phosphorylate a tyrosine residue on a 

25 peptide of the present invention. Such a phosphorylation reaction is typically allowed to 
proceed for about 2 hours at 30.degree. C. or overnight at room temperature. 
Phosphorylated peptide, hereinafter referred to as "phosphopeptide", is then purified 
from a phosphorylation reaction mixture. For example, peptide may be separated from a 
reaction mixture by addition of trichloroacetic acid and centrifugation, whereby the 

30 peptide remains in the supernate. The peptide is generally further purified by column 
chromatography, e.g. , on CI 8. Purified phosphorylated peptide may be lyophilized and 
stored at - 20.degree. C. prior to use. 

Following incubation, phosphopeptide which is not dephosphorylated ("non- 
dephosphorylated phosphopeptide") is separated from radioactivity released by 
35 dephosphorylation of phosphopeptide (i.e., from free radioactive phosphorus released 
by dephosphorylation). As used herein, the term "radioactive phosphorous" includes all 
forms in which a radioactive phosphorus atom may be present on a tyrosine residue and 
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removed by dephosphorylation, e.g., as a phosphate group. Typically, separation of 
non-dephosphorylated phosphopeptide from free radioactive phosphorus' released by 
dephosphorylation of phosphopeptide is effected by centrifugation, following 
termination of the dephosphorylation reaction by the addition of substances including 
5 nonradioactive phosphates and charcoal. Radioactivity in the supernate is determined 
by means well known to those of ordinary skill in the art. Based upon the amount of 
radioactivity added to the assay mixture initially via the phosphopeptide and the amount 
of radioactivity detected at the end of the assay as radioactivity released by 
dephosphorylation, the phosphatase enzymatic activity of the sample assayed may be 
10 calculated. 

Preferably the phosphatase assay is performed in a cell and comprising; 

a) contacting a cell comprising a phosphatase selected from the group consisting 
of SEQ ID NO.10, SEQ ID 12, SEQ ID NO.14, SEQ ID NO.16, SEQ ID NO.18, SEQ 
ID NO.20, SEQ ID NO.22, SEQ ID NO.24, SEQ ID NO.33, SEQ ID NO.35, SEQ ID 

15 NO.37, SEQ ID No.39 and SEQ ID No.41, with a suitable phosphorylated substrate; 

b) incubating said mixture in the presence or absence of a said compound and ; 

c) compare the CRH response activity of said cell in the presence and absence 
of said compound, wherein the CRH response activity of said cell is determined by the 
change in phosphorylation level of the substrate. 

20 

It is also an embodiment of the present invention to provide a method for identifying a 
compound capable to alter the CRH signalling response activity in a cell, said method 
comprising; 

a) contacting a cell which expresses at least one protein comprising an amino 
25 acid sequence selected from the group consisting of SEQ ID NO. 10, SEQ ID 12, SEQ 

ID NO.14, SEQ ID NO.16, SEQ ID NO.18, SEQ ID NO.20, SEQ ID NO.22, SEQ ID 
NO.24, SEQ ID NO.33, SEQ ID NO.35, SEQ ID NO.37, SEQ ID No.39 and SEQ ID 
No.41 with said test compound; and 

b) compare the levels of a second messenger, such as cAMP, cGMP, Ca 2+ or IP 3 
30 in said cell, in the presence and absence of said compound. 

Levels of second messengers can be determined using art known techniques either in 
whole cells or cellular extracts comprising one of the aforementioned proteins. 

A further method to identify a compound capable to alter CRH signalling in a cell is 
35 based on the use of a gene, such as a reporter gene, operably linked to a gene promoter 
or regulatory sequence element thereof characterized in that said gene promoter or 
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regulatory sequence element comprises a transcription factor binding site, wherein said 
transcription factor is capable of modulating CRH signalling in a cell. In a preferred 
embodiment the transcription factor capable of modulating CRH signalling in a cell is 
being selected from SEQ ID NO.10, SEQ ID 12, SEQ ID NO.14, SEQ ID NO.16, SEQ 
5 ID NO.l 8, SEQ ID NO.20, SEQ ID N0.22, SEQ ID NO.24, SEQ ID NO.33, SEQ ID 
NO.35, SEQ ID NO.37, SEQ ID No.39 and SEQ ID No.41 

Accordingly, the present invention provides a recombinant DNA molecule comprising 
the gene promoter region as defined above. In the said recombinant DNA molecule, the 
promoter region can be operably linked to a nucleic acid molecule encoding a 

10 detectable product, such as a reporter gene. The term "operably linked", as used herein, 
means functionally fusing a promoter with a gene in the proper frame to express the 
gene under control of the promoter. As used herein, the term "reporter gene" means a 
gene encoding a gene product that can be identified using simple, inexpensive methods 
or reagents and that can be operably linked to the promoter region or an active fragment 

15 thereof. Reporter genes such as, for example, a firefly luciferase, p-galactosidase, 
alkaline phosphatase, the bacterial chloramphenicol acetyl transferase or green 
fluorescent protein reporter gene, can be used to determine transcriptional activity in 
screening assays according to the invention (see, for example, Goeddel (ed.), Methods 
Enzymol., Vol. 185, San Diego: Academic Press, Inc. (1990); see also Sambrook, 

20 supra). In a preferred embodiment, the reporter gene is the firefly luciferase gene. 
The invention also provides a vector comprising the recombinant DNA molecule, as 
defined above, as well as a host cell stably transformed with such a vector, or generally 
with the recombinant DNA molecule according to the invention. The term "vector" 
refers to any carrier of exogenous DNA that is useful for transferring the DNA into a 

25 host cell for replication and/or appropriate expression of the exogenous DNA by the 
host cell. Accordingly, in a specific embodiment said vector is an expression vector 
such as the commercially available pGL31uc expression vector. 



30 Identification of a CRH induced gene expression profde. 

In another aspect the present invention relates to the use of the isolated and purified 
nucleic acid molecules which were shown to be either up or down-regulated upon 
prolonged exposure to elevated levels of CRH, wherein said nucleic acid molecule is 
35 either RNA, DNA, cDNA or genomic DNA, as a marker of CRH signaling in a cell 
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In particular, the present invention encompasses an isolated and purified nucleic 
acid molecule comprising a member selected from a group consisting of: 

a) a nucleotide sequence which has at least 70% identity, preferably at least 80% 
identity, more preferably at least 90% identity, more preferably at least 90% 

5 identity, Yet more preferably at least 90% identity, yet more preferably at least 95% 
identity, even more preferably at least 97-99% identity, to a polynucleotide selected 
from the group consisting of SEQ ID No.l, SEQ ID No.2, SEQ ID No.3, SEQ ID 
No.4, SEQ ID No.5, SEQ ID No.6, SEQ ID No.7, SEQ D No.8, SEQ ID No.25, 
SEQ ID No.26, SEQ ID No.27, SEQ ID No.28, SEQ ID No.29, SEQ ID No.30 and 
10 SEQ ID No.31, over the entire length of said polynucleotide; 

b) a nucleotide sequence which has at least 70% identity, preferably at least 80% 
identity, more preferably at least 90% identity, more preferably at least 90% identity, 
Yet more preferably at least 90% identity, yet more preferably at least 95% identity, 
even more preferably at least 97-99% identity, to a polynucleotide selected from the 

15 group consisting of SEQ ID No.l, SEQ ID No.2, SEQ ID No.3, SEQ ID No.4, SEQ 
ID No.5, SEQ ID No.6, SEQ ED No.7, SEQ D No.8, SEQ ID No.25, SEQ ID No.26, 
SEQ ID No.27, SEQ ID No.28, SEQ ID No.29, SEQ ID No.30 and SEQ ID No.31, 
over the entire coding region of said polynucleotide; 

c) a nucleotide sequence polynucleotide selected from the group consisting of SEQ 
20 ID No.l, SEQ ID No.2, SEQ ID No.3, SEQ ID No.4, SEQ ID No.5, SEQ ID No.6, 

SEQ ID No.7, SEQ D No.8, SEQ ID No.25, SEQ ID No.26, SEQ ID No.27, SEQ ID 
No.28, SEQ ID No.29, SEQ ID No.30 and SEQ ID No.3 1 ; 

Identity or similarity, as known in the art, are relationships between two or 
more polypeptide sequences or two or more polynucleotide sequences, as determined 

25 by comparing the sequences. In the art, identity also means the degree of sequence 
relatedness between polypeptide or polynucleotide sequences, as the case may be, as 
determined by the match between strings of such sequences. Both identity and 
similarity can be readily calculated (Computational Molecular Biology, Lesk, A. M., 
ed., Oxford University Press, New York, 1988; Biocomputing: Informatics and 

30 Genome Projects, Smith, D. W., ed., Academic Press, New York, 1993; Computer 
Analysis of Sequence Data, Part I, Griffin, A. M., and Griffin, H. G., eds., Humana 
Press, New Jersey, 1994; Sequence Analysis in Molecular Biology, von Heinje, G., 
Academic Press, 1987; and Sequence Analysis Primer, Gribskov, M. and Devereux, 
J., eds., M Stockton Press, New York, 1991). While there exist a number of 

35 methods to measure identity and similarity between two polynucleotide or two 
polypeptide sequences, both terms are well known to skilled artisans (Sequence 
Analysis in Molecular Biology, von Heinje, G., Academic Press, 1987; Sequence 
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Analysis Primer, Gribskov, M. and Devereux, J., eds., M Stockton Press, New York, 
1991; and Carillo, H., and Lipman, D., (1988) SIAM J. Applied Math., 48, 1073. 
Methods commonly employed to determine identity or similarity between sequences 
include, but are not limited to those disclosed in Carillo, H., and Lipman, D., (1988) 
5 SIAM J. Applied Math., 48, 1073. Preferred methods to determine identity are 
designed to give the largest match between the sequences tested. Methods to 
determine identity and similarity are codified in computer programs. Preferred 
computer program methods to determine identity and similarity between two 
sequences include, but are not limited to, GCG program package (Devereux, J., et 

10 al., (1984) Nucleic Acids Research 12(1), 387), BLASTP, BLASTN, and FASTA 
(Atschul, S. F. et al., (1990) J. Molec. Biol. 215, 403). 

The nucleic acid sequence encoding a protein capable of modulating CRH 
activity, or fragment thereof, can be isolated from a tissue in which said gene is 
expressed, such as but not limited to, brain, hart, kidney, pancreas, liver and skin. 

15 Said sequence can also be isolated from mammals other than human and mouse. 
Selection of suitable cells may be done by screening for CRH modulating activity in 
cell extracts or in whole cell assays, as described herein. Cells that possess CRH 
modulating activity in any one of these assays may be suitable for the isolation of 
nucleic acid sequences according to the invention. 

20 Any of a variety of procedures known in the art may be used to molecularly 

clone DNA encoding a protein according to the invention. In one method, mRNA 
is isolated, and first strand cDNA synthesis is carried out. A second round of DNA 
synthesis can be carried out for the production of the second strand. Subsequently 
by the specific PCR amplification of DNA fragments through the design of 

25 degenerate oligonucleotide primers from the amino acid sequence of the purified 
protein that modulates CRH signalling, an isolated cDNA can be obtained. If 
desired the double-stranded cDNA can be cloned into any suitable vector, for 
example, a plasmid, thereby forming a cDNA libary. Another method is to screen 
cDNA libraries constructed in a bacteriophage or plasmid shuttle vector with a 

30 labeled oligonucleotide probe targeted to any suitable region of SEQ ED NO: 1, 
SEQ ID NO 7 or SEQ ID NO:3. See e.g. PCR Protocols: A Guide to Method and 
Application , Ed. M. Innis et al, Academic Press (1990). . 

Methods for constructing cDNA libraries in a suitable vector such as a 
plasmid or phage for propagation in prokaryotic or eukaryotic cells are well known 

35 to those skilled in the art. [See e.g. Maniatis et al Supra}. Suitable cloning vectors 
are well known and are widely available. 
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It is readily apparent to those skilled in the art that other types of libraries, as 
well as libraries constructed from other cells or cell types, may be useful for 
isolating the nucleic acid sequences according, to the invention. Other types of 
libraries include, but are not limited to, cDNA libraries derived from other cells, 
5 from organisms other than human and mouse, and genomic DNA libraries that 
include YAC (yeast artificial chromosome) and cosmid libraries. Construction of 
genomic DNA libraries can be performed by standard techniques well known in the 
art. Well known genomic DNA library construction techniques can be found in T. 
Maniatis et al Molecular Cloning: A Laboratory Manual 2d Ed. Chap. 14 (1989). 

10 The skilled artisan will appreciate that, in many cases, an isolated cDNA 

sequence will be incomplete, in that the region coding for the polypeptide is short at 
the 5' end of the cDNA. This is a consequence of reverse transcriptase, an enzyme 
with inherently low 'processivity' (a measure of the ability of the enzyme to remain 
attached to the template during the polymerisation reaction), failing to complete a 

15 DNA copy of the mRNA template during the 1 st strand cDNA synthesis. 

There are several methods available and well known to those skilled in the 
art to obtain full-length cDNAs, or extend short cDNAs, for example those based on 
the method of Rapid Amplification of cDNA ends (RACE) (Frohman et al., 1988, 
PNAS USA 85, 8998-9002), or recent modifications of this technique, exemplified 

20 by the Marathon™ technology (Clontech Laboratories Inc.). 

polypeptides 

In a further embodiment this invention relates to a polypeptide in a 
25 substantially pure form which modulate CRH signalling wherein said polypeptide is 
encoded by an isolated and purified nucleic acid molecule according to the 
invention. In a preferred embodiment the polypeptide has the amino acid sequence 
selected from the group consisting of SEQ ID NO. 10, SEQ ID 12, SEQ ID NO. 14, 
SEQ ID NO. 16, SEQ ID NO. 18, SEQ ID NO.20, SEQ ID NO.22, SEQ ID NO.24, 
30 SEQ ID N0.33, SEQ ID NO.35, SEQ ID NO.37, SEQ ID No.39 and SEQ ID No.41 
and functional analogs thereof 

The protein according to the invention includes all possible amino acid 
variants encoded by the nucleic acid according to the invention including a 
polypeptide encoded by said molecule and having conservative amino acid changes. 
35 Those skilled in the art will recognize that the protein which modulate CRH 

signalling could be obtained by a plurality of recombinant DNA techniques 
including, for example, hybridization, polymerase chain reaction (PCR) 




amplification, or de novo DNA synthesis (See e.g., T. Maniatis et al. Molecular 
Cloning: A Laboratory Manual , 2d Ed. Chap. 14 (1989)). 

Purified biologically active protein that modulates CRH signallings may have 
several different physical forms. The polypeptides according to the invention may 
5 exist as full-length nascent or unprocessed polypeptides, or as partially processed 
polypeptides or combinations of processed polypeptides. The full-length nascent 
polypeptide may be post-translationally modified, amongst other, by specific 
proteolytic cleavage events that result in the formation of fragments of the full-length 
nascent polypeptide. A fragment, or physical association of fragments may have the 

10 full biological activity associated with proteins according to the invention; however, 
the degree of CRH modulating activity may vary between individual fragments. 

Also preferred in this aspect of the invention are fragments characterized by 
structural or functional attributes of the polypeptide. Preferred embodiments of the 
invention in this regard include fragments that comprise alpha-helix and alpha-helix 

15 forming regions, beta-sheet and beta-sheet-forming regions, turn and turn-forming 
regions, coil and coil-forming regions, hydrophilic regions, hydrophobic regions, 
alpha amphipathic regions, beta amphipathic regions, flexible regions, surface- 
forming regions, substrate binding region, high antigenic index regions of the 
polypeptide of the invention, and combinations of such fragments. Preferred regions 

20 are those that mediate activities of the polypeptides of the invention. Most highly 
preferred in this regard are fragments that have a chemical, biological or other 
activity of the response regulator polypeptide of the invention, including those with a 
similar activity or an improved activity, or with a decreased undesirable activity. 

25 Recombinant expression of polynucleotides encoding protein which modulate CRH 
activity 

In another embodiment polynucleotides according to the invention may be 
recombinantly expressed by molecular cloning into an expression vector containing 
30 a suitable promoter and other appropriate transcription regulatory elements, and 
transferred into prokaryotic or eukaryotic host cells to produce a protein that 
modulates CRH signalling. Techniques for such manipulations are fully described 
in Maniatis, T, et al., supra , and are well known in the art. 

Therefore, in a further aspect this invention provides an expression vector for 
35 expression of a protein that modulates CRH signalling in a recombinant host, wherein 
said vector contains a nucleic acid sequence encoding a protein that modulates CRH 




signalling and functional analogs thereof. In a more preferred aspect of this invention 
this expression vector contains a nucleic acid molecule encoding a protein that 
modulates CRH signalling, having a nucleotide sequence selected from a group 
consisting of: SEQ ID NO.9, SEQ ID 1 1, SEQ ID NO.l 3, SEQ ID NO. 15, SEQ ID 
5 NO.l 7, SEQ ID NO. 19, SEQ ID NO.21, SEQ ID N0.23, SEQ ID NO.32, SEQ ID 
NO.34, SEQ ID NO.36, SEQ ID No.38 and SEQ ID No.40 and functional analogs 
thereof or contains genomic DNA encoding a protein that modulates CRH signalling. 

Expression vectors are defined herein as DNA sequences that are required 
for the transcription of cloned copies of genes and the translation of their mRNAs in 

10 an appropriate host. Such vectors can be used to express eukaryotic genes in a 
variety of hosts such as bacteria including E. coli, cyanobacteria, plant cells, insect 
cells, amphibian cells, fungal cells including yeast cells, and animal cells. 

Specifically designed vectors allow the shuttling of DNA between hosts 
such as bacteria-yeast or bacteria-animal cells or bacteria-fungal cells or bacteria- 

15 invertebrate cells. An appropriately constructed expression vector may contain: an 
origin of replication for autonomous replication in host cells, selectable markers, a 
limited number of useful restriction enzyme sites, a potential for high copy number, 
and active promoters. A promoter is defined as a DNA sequence that directs RNA 
polymerase to bind to DNA and initiate RNA synthesis. A strong promoter is one 

20 that causes mRNAs to be initiated at high frequency. Expression vectors may 
include, but are not limited to, cloning vectors, modified cloning vectors, 
specifically designed plasmids or viruses. 

The isolated and purified nucleic acid molecules, according to the invention, 
encoding a protein which modulates CRH signalling may be cloned into an 

25 expression vector for expression in a recombinant host cell. Recombinant host cells 
may be prokaryotic or eukaryotic, including but not limited to bacteria such as E. 
coli , fungal cells such as yeast, amphibian cells such as Xenopus oocytes, 
mammalian cells including but not limited to cell lines of human, bovine, porcine, 
monkey and rodent origin, and insect cells including but not limited to Drosophila- 

30 and silkworm-derived cell lines. Cell lines derived from mammalian species which 
may be suitable and which are commercially available, include but are not limited 
to, CV-1 (ATCC CCL 70), COS-1 (ATCC CRL 1650), COS-7 (ATCC CRL 1651), 
CHO-K1 (ATCC CCL 61), 3T3 (ATCC CCL 92), NIH/3T3 (ATCC CRL 1658), 
HeLa (ATCC CCL 2), CI 271 (ATCC CRL 1616), BS-C-1 (ATCC CCL 26), MRC- 

35 5 (ATCC CCL 171), L-cells, neuroblastoma, glial cells and HEK-293 (ATCC 
CRL1573). 



m 



-27- 



Therefore, in a further embodiment this invention relates to a recombinant 
host cell containing a recombinantly cloned nucleic acid molecule encoding a 
protein that modulates CRH signalling or functional analog thereof. In a further 
aspect the recombinant host cell according to the invention contains a nucleic acid 
5 molecule which is either genomic DNA or has a nucleotide sequence selected from 
a group consisting of: SEQ ID NO.9, SEQ ID 11, SEQ ID NO. 13, SEQ ID NO. 15, 
SEQ ID NO. 17, SEQ ID NO. 19, SEQ ID NO.21, SEQ ID N0.23, SEQ ID NO.32, 
SEQ ID N0.34, SEQ ID NO.36, SEQ ID No.38 and SEQ ID No.40; and functional 
analogs thereof. 

10 The expression vector may be introduced into host cells via any one of a 

number of techniques including but not limited to transformation, transfection, 
protoplast fusion, lipofection, and electroporation. The expression vector- 
containing cells are clonally propagated and analyzed to determine whether they 
produce a protein that modulates CRH signalling. Identification of permeases 

15 expressing host cell clones may be done by several means, including but not limited 
to immunological reactivity with antibodies directed against the polypeptides 
according to the invention, and the presence of host cell-associated mammalian 
purine permease activity. 

Thus, the present invention also relates to a process for expression of protein 

20 that modulates CRH signalling in a recombinant host cell, comprising culturing the 
host cells according to the invention under conditions which allow expression of the 
protein that modulates CRH signalling from the expression vector as outlined 
herein. The proteins of this invention may be synthesized either by direct 
expression or as a fusion protein comprising the protein of interest as a translational 

25 fusion with another protein or peptide that may be removable by self, enzymatic or 
chemical cleavage. Therefore, in a particular embodiment this invention provides 
the proteins according to the invention wherein said polypetides are part of a fusion 
protein. 

It is often observed in the production of certain peptides in recombinant 
30 systems that expression as a fusion protein prolongs the life span, increases the 
yield of the desired peptide, or provides a convenient means of purifying the 
protein. This is particularly relevant when expressing mammalian proteins in 
prokaryotic hosts. A variety of peptidases (e.g. enterokinase and thrombin), which 
cleave a polypeptide at specific sites or digest, the peptides from the amino or 
35 carboxy termini (e.g. diaminopeptidase) of the peptide chain are known. 
Furthermore, particular chemicals (e.g. cyanogen bromide) will cleave a 
polypeptide chain at specific sites. The skilled artisan will appreciate the 




modifications necessary to the amino acid sequence (and synthetic or semi-synthetic 
coding sequence if recombinant means are employed) to incorporate site-specific 
internal cleavage sites. See e.g., P.Carter, "Site Specific Proteolysis of Fusion 
Proteins", Chapter 13, in Protein Purification: From Molecular Mechanisms to 
5 Large Scale Processes, American Chemical Society, Washington, D.C. (1990). 

Furthermore, one could use, e.g., a mammalian cell that already comprises in 
its genome a nucleic acid molecule encoding a protein that modulates CRH 
signalling as described above, but does not express the same or not in an appropriate 
manner due to, e.g., a weak promoter, and introduce into the mammalian cell a 

10 regulatory sequence such as a strong promoter in close proximity to the endogenous 
nucleic acid molecule encoding said purine permease polypeptide so as to induce 
expression of the same. 

As such a recombinant host cell containing a polynucleotide encoding a 
protein which modulates CRH signalling under the control of a heterologous 

15 transcription and/or regulatory sequence or protein, would be another embodiment of 
this invention. 

In this context the term "regulatory sequence" denotes a nucleic acid 
molecule that can be used to increase the expression of the purine permease 
polypeptide, due to its integration into the genome of a cell in close proximity to the 

20 CRH modulating protein-encoding gene. Such regulatory sequences comprise 
promoters, enhancers, inactivated silencer intron sequences, 3'UTR and/or 5'UTR 
coding regions, protein and/or RNA stabilizing elements, nucleic acid molecules 
encoding a regulatory protein, e.g., a transcription factor, capable of inducing or 
triggering the expression of the CRH modulating protein-encoding gene or other 

25 gene expression control elements which are known to activate gene expression 
and/or increase the amount of the gene product. The introduction of said regulatory 
sequence leads to increase and/or induction of expression of polypeptides, which 
modulate CRH signalling, resulting in the end in an increased amount of said 
polypeptides in the cell. Thus, the present invention is aiming at providing de novo 

30 and/or increased expression of polypeptides that modulate CRH signalling. 

Introduction of the construct into the host cell can be effected by calcium 
phosphate transfection, DEAE-dextran mediated transfection, cationic lipid- 
mediated transfection, electroporation, transduction, infection, or other methods. 
Such methods are described in many standard laboratory manuals, such as Davis, 

35 Basic Methods In Molecular Biology (1986). It is specifically contemplated that 
polypeptides, which modulate CRH signalling may in fact be expressed by a host 
cell lacking a recombinant vector. 




In addition, expression of polynucleotides according to the invention may 
also be performed using in vitro produced synthetic mRNA. Synthetic mRNA or 
mRNA isolated from cells capable of modulating CRH signaling can be efficiently 
translated in various cell-free systems, including but not limited to wheat germ 
5 extracts and reticulocyte extracts, as well as efficiently translated in cell based 
systems, including but not limited to microinjection into frog oocytes, with 
microinjection into frog oocytes being generally preferred. 

Transgenic non-human animals 

10 The present invention also relates to a method for the production of a 

transgenic non-human animal, preferably transgenic mouse, comprising introduction 
of a polynucleotide or vector of the invention into a germ cell, an embryonic cell, 
stem cell or an egg or a cell derived therefrom. The non-human animal can be used 
in accordance with a screening method of the invention described herein and may be 

15 a non-transgenic healthy animal, or may have a phosphate uptake or reabsorption 
disorder, preferably a disorder caused by at least one mutation in the protein that 
modulates CRH signalling. Such transgenic animals are well suited for, e.g., 
pharmacological studies of drugs in connection with mutant forms of the above 
described polypeptides. Production of transgenic embryos and screening of those can 

20 be performed, e.g., as described by A. L. Joyner Ed., Gene Targeting, A Practical 
Approach (1993), Oxford University Press. The DNA of the embryonal membranes 
of embryos can be analyzed using, e.g., Southern blots with an appropriate probe; 
see supra. 

Preferably, the transgenic non-human animal of the invention further 
25 comprises at least one inactivated wild type allele of the corresponding mammalian 
CRH modulating protein-encoding gene; see supra. This embodiment allows for 
example, the study of the interaction of various mutant forms of polypeptides 
according to the invention on the onset of the clinical symtoms of disease related to 
disorders in CRH metabolism. All the applications that have been herein before 
30 discussed with regard to a transgenic animal also apply to animals carrying two, 
three or more transgenes; e.g. encoding neutral endopeptidase (NEP). It might be 
also desirable to inactivate protein that modulates CRH signalling expression or 
function at a certain stage of development and/or life of the transgenic animal. This 
can be achieved by using, for example, tissue specific, developmental and/or cell 
35 regulated and/or inducible promoters which drive the expression of, e.g., an 
antisense or ribozyme directed against the RNA transcript encoding the protein 




capable of modulating CRH signalling; see also supra. A suitable inducible system is 
for example tetracycline-regulated gene expression as described, e.g., by Gossen and 
Bujard (Proc. Natl. Acad. Sci. 89 USA (1992), 5547-5551) and Gossen et al. (Trends 
Biotech. 12 (1994), 58-62). Similar, the expression of the mutant protein that 
5 modulates CRH signalling may be controlled by such regulatory elements. 



Furthermore, the invention also relates to a transgenic mammalian cell which contains 
(preferably stably integrated into its genome) a nucleic acid molecule according to 
the invention or part thereof, wherein the transcription and/or expression of the 
10 nucleic acid molecule or part thereof leads to reduction of the synthesis of a 

protein that modulates CRH signalling. 

In a preferred embodiment, the reduction is achieved by an anti-sense, sense, ribozyme, 
co-suppression and/or dominant mutant effect. "Antisense" and "antisense nucleotides" 
1 5 means DNA or RNA constructs which block the expression of the naturally occurring 
gene product. 

The provision of the polynucleotide according to the invention opens up the 
possibility to produce transgenic non-human animals with a reduced level of the 
protein as described above and, thus, with a defect in phosphate metabolism. 

20 Techniques how to achieve this are well known to the person skilled in the art. 

These include, for example, the expression of antisense-RNA, ribozymes, of 
molecules which combine antisense and ribozyme functions and/or of molecules 
which provide for a co-suppression effect; see also supra. When using the 
antisense approach for reduction of the amount of protein that modulates CRH 

25 signallings in cells, the nucleic acid molecule encoding the antisense-RNA is 

preferably of homologous origin with respect to the animal species used for 
transformation. However, it is also possible to use nucleic acid molecules which 
display a high degree of homology to endogenously occurring nucleic acid 
molecules encoding a protein that modulates CRH signalling. In this case the 

30 homology is preferably higher than 80%, particularly higher than 90% and still 

more preferably higher than 95%. The reduction of the synthesis of a protein 
according to the invention in the transgenic mammalian cells can result in an 
alteration in, e.g., adenine reabsorption. In transgenic animals comprising such 
cells this can lead to various physiological, developmental and/or morphological 

35 changes. 
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Thus, the present invention also relates to transgenic non-human animals comprising 
the above-described transgenic cells. These may show, for example, a deficiency in 
CRH metabolism compared to wild type animals due to the stable or transient 
presence of a foreign DNA resulting in at least one of the following features: 
5 (a) disruption of (an) endogenous gene(s) encoding a protein capable of 
modulating CRH signalling; 

(b) expression of at least on antisense RNA and/or ribozyme against a transcript 
comprising a polynucleotide of the invention; 

(c) expression of a sense and/or non-translatable mRNA of the polynucleotide of 
10 the invention; 

(d) expression of an antibody of the invention; 

(e) incorporation of a functional or non-functional copy of the regulatory 
sequence of the invention; or 

(f) incorporation of a recombinant DNA molecule or vector of the invention. 

15 

With the polypeptides, their encoding polynucleotides and vectors of the invention, it 
is now possible to study in vivo and in vitro the efficiency of drugs in relation to 
particular mutations in protein that modulates CRH signallings of a patient and the 
affected phenotype. Furthermore, mutant forms of polypeptides of the invention can 
20 be used to determine the pharmacological profile of drugs and for the identification 
and preparation of further drugs which may be effective for the treatment of 
disorders related to the CRH metabolism, in particular for the amelioration of CRH 
induced stress or depression. 



25 It will thus be appreciated that the present invention also relates to a method for 
preventing, treating or ameliorating a medical condition related to a disorder of CRH 
metabolism including CRH receptor related disorders which comprises 
administering to a mammalian subject a therapeutically effective amount of the 
polypeptides, the polynucleotides or the vectors encoding a protein capable of 

30 modulating CRH signalling of the present invention. 

Diagnostic Assays 

This invention further relates to the use of polynucleotides of the present invention 
as diagnostic reagents. Detection of a mutated form of the gene characterised by the 
35 polynucleotide of SEQ ID No. 1 , SEQ ID No.2, SEQ ID No.3, SEQ ID No.4, SEQ ID 
NO.5, SEQ ID NO.6, SEQ ID No.7, SEQ ID No.8, SEQ ID NO.9, SEQ ID 1 1, SEQ 




ID N0.13, SEQ ID N0.15, SEQ ID N0.17, SEQ ID NO.19, SEQ ID N0.21, SEQ 
ID NO.23, SEQ ID No.25, SEQ ID No.26, SEQ ID No.27, SEQ ID No.28, SEQ ID 
No.29, SEQ ID No.30, SEQ ID No.31, SEQ ID NO.32, SEQ ID N0.34, SEQ ID 
NO.36, SEQ ID No.38 and SEQ ID No.40 which is associated with a dysfunction 
5 will provide a diagnostic tool that can add to, or define, a diagnosis of a disease, or 
susceptibility to a disease, which results from under-expression, over-expression or 
altered spatial or temporal expression of the gene. Individuals carrying mutations in 
the gene may be detected at the DNA level by a variety of techniques. 

It will thus be appreciated that this invention provides a method of 
10 diagnosing a pathological condition or a susceptibility to a pathological condition in 
a subject related to a disorder of CRH activity comprising: 

(a) determining the presence or absence of a mutation in the polynucleotide 
according to the invention; and 

(b) diagnosing a pathological condition or susceptibility to a pathological 
15 condition based on the presence or absence of said mutation. 

Nucleic acids for diagnosis may be obtained from a subject's cells, such as from 
blood, urine, saliva, tissue biopsy or autopsy material. The genomic DNA may be 
used directly for detection or may be amplified enzymatically by using PCR or other 
amplification techniques prior to analysis. RNA or cDNA may also be used in 

20 similar fashion. Deletions and insertions can be detected by a change in size of the 
amplified product in comparison to the normal genotype. Point mutations can be 
identified by hybridizing amplified DNA to labeled nucleotide sequences according 
to the invention. Perfectly matched sequences can be distinguished from mismatched 
duplexes by RNase digestion or by differences in melting temperatures. DNA 

25 sequence differences may also be detected by alterations in electrophoretic mobility 
of DNA fragments in capilary electrophoresis columns or gels, with or without 
denaturing agents, or by direct DNA sequencing (e.g., Myers et al., Science 
(1985)230:1242). Sequence changes at specific locations may also be revealed by 
specific restriction endonucleases, nuclease protection assays, such as RNase and SI 

30 protection or a chemical cleavage method (see Cotton et al., Proc Natl Acad Sci USA 
(1985) 85: 4397-4401). In another embodiment, an array of oligonucleotides probes 
comprising a nucleotide sequence encoding a protein capable of modulating CRH 
activity or fragments thereof can be constructed to conduct efficient screening of 
e.g., genetic mutations. Array technology methods are well known and have general 

35 applicability and can be used to address a variety of questions in molecular genetics 
including gene expression, genetic linkage, and genetic variability (see for example: 
M.Chee et al., Science, Vol 274, pp 610-613 (1996)). 
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The diagnostic assays offer a process for diagnosing or determining a 
susceptibility to the diseases through detection of mutations in the CRH modulating 
protein-encoding gene by the methods described. In addition, such diseases may be 
diagnosed by methods comprising determining from a sample derived from a subject 
5 an abnormally decreased or increased level of polypeptide or mRNA, as well as by 
determining from said samples the presence of protein derivatives compared to the 
normal structure (see above). Decreased or increased expression can be measured at 
the RNA level using any of the methods well known in the art for the quantitation of 
polynucleotides, such as, for example; nucleic acid amplification, for instance via 

10 PCR, RT-PCR; RNase protection; Northern blotting and other hybridization 
methods. Assay techniques that can be used to determine levels of a protein, such as 
a polypeptide of the present invention, in a sample derived from a host are well- 
known to those of skill in the art. Such assay methods include radioimmunoassays, 
competitive-binding assays, Western Blot analysis and ELISA assays. Assay 

15 techniques that can be used to determine the presence of protein derivatives or 
variants comprise amongst others mass spectrometry. 

Thus in another aspect, the present invention provides a method of 
diagnosing a pathological condition or a susceptibility to a pathological condition in 
a subject related to a disorder of prolonged CRH exposure comprising: 

20 (a) determining the presence or amount of expression of the polypeptide or a 
derivative thereof according to the invention in a biological sample; and 
(b) diagnosing a pathological condition or susceptibility to a pathological 
condition based on the presence or amount of expression of the polypeptide or of a 
derivative thereof. 

25 In particular the present invention provides a method of diagnosing a CRH 

induced gene expression profile in an individual, said method comprising; 

a) obtaining a biological sample of said individual; and 

b) determine the amount of at least one protein that modulates corticotropin 
releasing hormone (CRH) signaling in said biological sample; 

30 whereby the protein that modulates corticotropin releasing hormone (CRH) 

signaling is being selected from the group consisting of SEQ ID NO. 10, SEQ ID 
12, SEQ ID NO. 14, SEQ ID NO. 16, SEQ ID NO. 18, SEQ ID NO.20, SEQ ID 
N0.22, SEQ ID NO.24, SEQ ID N0.33, SEQ ID NO.35, SEQ ID NO.37, SEQ 
ID No.39 and SEQ ID No.41. In an alternative embodiment the method of 

35 diagnosing a CCRH induced expression profile is not limited to at least one 

protein according to the invention, but requires the simultaneous assessment of 




the expression levels of the group of proteins identified as being involved in 
CRH signaling, i.e. the proteins having the amino acid sequences SEQ ID 
NO.10, SEQ ID 12, SEQ ID NO.14, SEQ ID NO.16, SEQ ID NO.18, SEQ ID 
NO.20, SEQ ID NO.22, SEQ ID NO.24, SEQ ID NO.33, SEQ ID NO.35, SEQ 
5 ID NO.37, SEQ ID No.39 and SEQ ID No.41 . 

Preferably the amount of said proteins is determined either at the protein level, 
preferably using antibodies that bind thereto, or at the gene transcription level, 
preferably using probes that bind to a polynucleotide encoding an amino acid 
sequence selected from the group consisting of SEQ ID NO. 10, SEQ ID 12, 

10 SEQ ID NO.14, SEQ ID NO.16, SEQ ID NO.18, SEQ ID NO.20, SEQ ID 

NO.22, SEQ ID NO.24, SEQ ID NO.33, SEQ ID NO.35, SEQ ID NO.37, SEQ 
ID No.39 and SEQ ID No.41 . 
Alternatively the CRH induced gene expression profile is determined by assessing 
the level of gene transcription of a gene comprising a nucleic acid sequence selected 

15 from the group consisting of SEQ ID No.l, SEQ ID No.2, SEQ ID No.3, SEQ ID 
No.4, SEQ ID NO.5, SEQ ID NO.6, SEQ ID No.7, SEQ ID No.8, SEQ ID NO.9, 
SEQ ID 11, SEQ ID NO.13, SEQ ID NO.15, SEQ ID NO.17, SEQ ID NO.19, SEQ 
ID NO.21, SEQ ID NO.23, SEQ ID No.25, SEQ ID No.26, SEQ ID No.27, SEQ ID 
No.28, SEQ ID No.29, SEQ ID No.30, SEQ ED No.31, SEQ ID NO.32, SEQ ID 

20 N0.34, SEQ ID NO.36, SEQ ID No.38 and SEQ ID No.40. Methods to determine 
the level of gene transcription have been described hereinbefore and comprise in a 
preferred embodiment the use of a probe which binds, preferably selectively binds to 
a polynucleotide selected from the group consisting of SEQ ED No.l, SEQ ID No.2, 
SEQ ID No.3, SEQ ID No.4, SEQ ID NO.5, SEQ ID NO.6, SEQ ID No.7, SEQ ID 

25 No.8, SEQ ID NO.9, SEQ ID 1 1, SEQ ID NO.13, SEQ ID NO.15, SEQ ID NO.17, 
SEQ ID NO.19, SEQ ID NO.21, SEQ ID NO.23, SEQ ID No.25, SEQ ID No.26, 
SEQ ED No.27, SEQ ID No.28, SEQ ID No.29, SEQ ID No.30, SEQ ID No.31, SEQ 
ID NO.32, SEQ ID NO.34, SEQ ID NO.36, SEQ ID No.38 and SEQ ID No.40 or the 
complement thereof. . In another embodiment, an array of oligonucleotides probes 

30 comprising a nucleotide sequence according to the invention or fragments thereof 
can be constructed to conduct efficient screening of the level of gene transcription in 
the sample of an individual. 

In a further aspect, the present invention relates to a diagnostic kit which 
35 comprises: 

(a) a polynucleotide of the present invention, preferably the nucleotide sequence of 
SEQ ID No.l, SEQ ID No.2, SEQ ID No.3, SEQ ID No.4, SEQ ID NO.5, SEQ ID 




N0.6, SEQ ID No.7, SEQ ID No.8, SEQ ID N0.9, SEQ ID 1 1, SEQ ID NO. 13, SEQ 
ID NO. 15, SEQ ID NO. 17, SEQ ID NO. 19, SEQ ID NO.21, SEQ ID NO.23, SEQ 
ID No.25, SEQ ID No.26, SEQ ID No.27, SEQ ID No.28, SEQ ID No.29, SEQ ID 
No.30, SEQ ID No.31, SEQ ID N0.32, SEQ ID NO.34, SEQ ID NO.36, SEQ ID 
5 No.38 and SEQ ID No.40 or a fragment thereof; 

(b) a nucleotide sequence complementary to that of (a); 

(c) a polypeptide of the present invention, preferably the polypeptide of SEQ ID 
NO.10, SEQ ID 12, SEQ ID NO.14, SEQ ID NO.16, SEQ ID NO. 18, SEQ ID 
NO.20, SEQ ID NO.22, SEQ ID NO.24, SEQ ID NO.33, SEQ ID NO.35, SEQ ID 

10 NO.37, SEQ ID No.39 and SEQ ID No.41 or a fragment thereof; or 

(d) an antibody to a polypeptide of the present invention, preferably to the 
polypeptide of SEQ ID NO.10, SEQ ID 12, SEQ ID NO.14, SEQ ID NO.16, SEQ ID 
NO. 18, SEQ ID NO.20, SEQ ID NO.22, SEQ ID NO.24, SEQ ID NO.33, SEQ ID 
NO.35, SEQ ID NO.37, SEQ ID No.39 and SEQ ID No.41 and optionally suitable 

1 5 means for detection. 

It will be appreciated that in any such kit, (a), (b), (c) or (d) may comprise a 
substantial component. Such a kit will be of use in diagnosing a disease or 
suspectability to a disease, particularly CRH metabolism related disorders such as 
CRH induced stress or depression. 

20 The nucleotide sequences of the present invention are also valuable for 

chromosome localisation. These sequences are specifically targeted to, and can 
hybridize with, a particular location on an individual human chromosome. The 
mapping of relevant sequences to chromosomes according to the present invention is 
an important first step in correlating those sequences with gene-associated disease. 

25 Once a sequence has been mapped to a precise chromosomal location, the physical 
position of the sequence on the chromosome can be correlated with genetic map 
data. Such data are found in, for example, V. McKusick, Mendelian Inheritance in 
Man (available on-line through Johns Hopkins University Welch Medical Library). 
The relationship between genes and diseases that have been mapped to the same 

30 chromosomal region are then identified through linkage analysis (coinheritance of 
physically adjacent genes). The gene of the present invention maps to human 
chromosome 15. 

The differences in the cDNA or genomic sequence between affected and 
unaffected individuals can also be determined. If a mutation is observed in some or 
35 all of the affected individuals but not in any normal individuals, then the mutation is 
likely to be the causative agent of the disease. 

The nucleotide sequences of the present invention are also valuable for tissue 




localisation. Such techniques allow the determination of expression patterns of the 
polypeptides according to the invention in tissues by detection of the mRNAs that 
encode them. These techniques include in situ hybridziation techniques and 
nucleotide amplification techniques, for example PCR. Such techniques are well 
5 known in the art. Results from these studies provide an indication of the normal 
functions of the polypeptides in the organism. 

The polypeptides of the invention or their fragments or analogs thereof, or 
cells expressing them, can also be used as immunogens to produce antibodies 
10 immunospecific for polypeptides of the present invention. The term 
M immunospecific' , means that the antibodies have substantially greater affinity for 
the polypeptides of the invention than their affinity for other related polypeptides in 
the prior art. 

Thus in another embodiment, this invention provides a monospecific antibody 

15 immunologically reactive with a mammalian purine permease. In a preferred 
embodiment said antibody is immunologically reactive with a polypeptide having an 
amino acid sequence selected from a group consisting of: SEQ ED NO. 10, SEQ ID 
12, SEQ ID NO. 14, SEQ ID NO. 16, SEQ ID NO. 18, SEQ ID NO.20, SEQ ID 
NO.22, SEQ ID NO.24, SEQ ID NO.33, SEQ ID N0.35, SEQ ID NO.37, SEQ ID 

20 No.39 and SEQ ID No .41; and functional analogs thereof or said antibody blocks 
activity of a protein that modulates CRH signalling. 

Antibodies generated against polypeptides of the present invention may be 
obtained by administering the polypeptides or epitope-bearing fragments, analogs or 
cells expressing these to an animal, preferably a non-human animal, using routine 

25 protocols. For preparation of monoclonal antibodies, any technique which provides 
antibodies produced by continuous cell line cultures can be used. Examples include 
the hybridoma technique (Kohler, G. and Milstein, C, Nature (197 5)256:495 A91\ 
the trioma technique, the human B-cell hybridoma technique (Kozbor et al> 
Immunology Today (1983)4:72) and the EBV-hybridoma technique (Cole et ai, 

30 MONOCLONAL ANTIBODIES AND CANCER THERAPY, pp.77-96, Alan R. 
Liss, Inc., 1985). 

Techniques for the production of single chain antibodies, such as those 
described in U.S. Patent No.4,946,778, can also be adapted to produce single chain 
antibodies to polypeptides of this invention. Also, transgenic mice, or other 
35 organisms, including other mammals, may be used to express humanized antibodies. 

The above-described antibodies may be employed to isolate or to identify 
clones expressing the polypeptide or to purify the polypeptides by affinity 
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chromatography. 

Antibodies against polypeptides of the present invention may also be employed 
to treat the CRH metabolism related disorders. 

In a further aspect, the present invention relates to genetically engineered 
5 soluble fusion proteins comprising a polypeptide of the present invention, or a 
fragment thereof, and various portions of the constant regions of heavy or light 
chains of immunoglobulins of various subclasses (IgG, IgM, IgD, IgE). Preferred as 
an immunoglobulin is the constant part of the heavy chain of human IgG, 
particularly IgG I, where fusion takes place at the hinge region. In a particular 

10 embodiment, the Fc part can be removed simply by incorporation of a cleavage 
sequence which can be cleaved with for instance blood clotting factor Xa. 
Furthermore, this invention relates to processes for the preparation of these fusion 
proteins by genetic engineering, and to the use thereof for drug screening, diagnosis 
and therapy. A further aspect of the invention also relates to polynucleotides 

15 encoding such fusion proteins. Examples of fusion protein technology can be found 
in International Patent Application Nos. W094/29458 and W094/22914. 

Therapeutic Utility 

A further aspect of the invention relates to an immunological/vaccine 

20 formulation (composition) which, when introduced into a mammalian host, induces 
an immunological response in that mammal to a polypeptide of the present invention 
wherein the composition comprises a polypeptide or polynucleotide of the present 
invention. The vaccine formulation may further comprise a suitable carrier. Since a 
polypeptide may be broken down in the stomach, it is preferably administered 

25 parenterally (for instance, subcutaneous, intramuscular, intravenous, or intradermal 
injection). Formulations suitable for parenteral administration include aqueous and 
non-aqueous sterile injection solutions which may contain anti-oxidants, buffers, 
bacteriostats and solutes which render the formulation isotonic with the blood of the 
recipient; and aqueous and non-aqueous sterile suspensions which may include 

30 suspending agents or thickening agents. The formulations may be presented in unit- 
dose or multi-dose containers, for example, sealed ampoules and vials and may be 
stored in a freeze-dried condition requiring only the addition of the sterile liquid 
carrier immediately prior to use. The vaccine formulation may also include adjuvant 
systems for enhancing the immunogenicity of the formulation, such as oil-in water 

35 systems and other systems known in the art. The dosage will depend on the specific 
activity of the vaccine and can be readily determined by routine experimentation. 
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In still another approach, expression of the gene encoding proteins which 
modulate CRH signalling can be inhibited using expression blocking techniques. 
Known such techniques involve the use of antisense sequences, either internally 
5 generated or externally administered (see, for example, O'Connor, J.Neurochem 
(1991) 56:560 ;01igodeoxynucleotides as Antisense Inhibitors of Gene Expression, 
CRC Press, Boca Raton, FL (1988)). Alternatively, oligonucleotides which form 
triple helices ("triplexes") with the gene can be supplied (see, for example, Lee et al y 
Nucleic Acids Res (1979)6:3073; Cooney et aL, Science (1988)241:456; Dervan et 

10 al. t Science (1991)251:1360). These oligomers can be administered per se or the 
relevant oligomers can be expressed in vivo. Synthetic antisense or triplex 
oligonucleotides may comprise modified bases or modified backbones. Examples of 
the latter include methylphosphonate, phosphorothioate or peptide nucleic acid 
backbones. Such backbones are incorporated in the antisense or triplex 

15 oligonucleotide in order to provide protection from degradation by nucleases and are 
well known in the art. Antisense and triplex molecules synthesised with these and/or 
other modified backbones also form part of the present invention. 

In another process for inhibiting expression of a target gene in a cell, RNA 
with partial or fully double-stranded character is introduced into the cell or into the 

20 extracellular environment. Inhibition is specific in that a nucleotide sequence from a 
portion of the target gene is chosen to produce inhibitory RNA. The RNA may 
comprise one or more strands of polymerized ribonucleotide; it may include 
modifications to either the phosphate-sugar backbone or the nucleoside. The double- 
stranded structure may be formed by a single self-complementary RNA strand or two 

25 complementary strands. Inhibition is sequence-specific in that the nucleotide 
sequences corresponding to the duplex region of the RNA are targeted for genetic 
inhibition. RNA containing a nucleotide sequence identical to a portion of the target 
sequence is preferred. Examples of RNA inhibition technology can be found in 
International Patent Application WO 99/32619. 

30 In addition, expression of the proteins which modulate CRH signalling may be 

prevented by using ribozymes specific to the mRNA sequence encoding said protein. 
Ribozymes are catalytically active RNAs that can be natural or synthetic (see for 
example Usman, N, et al., Curr. Opin. Struct. Biol (1996)6(4), 527-33.) Synthetic 
ribozymes can be designed to specifically cleave the aforementiond mRNAs at 

35 selected positions thereby preventing translation of said mRNAs into functional 
polypeptide. Ribozymes may be synthesised with a natural ribose phosphate 
backbone and natural bases, as normally found in RNA molecules. Alternatively the 




ribozymes may be synthesised with non-natural backbones to provide protection 
from ribonuclease degradation, for example, 2'-0-methyl RNA, and may contain 
modified bases. 

For treating abnormal conditions related to an under-expression of proteins 
5 which modulate CRH signalling, several approaches are also available. One 
approach comprises administering to a subject a therapeutically effective amount of 
a compound which activates a polypeptide of the present invention, i.e., an agonist as 
described above, in combination with a pharmaceutically acceptable carrier, to 
thereby alleviate the abnormal condition. Alternatively, gene therapy may be 

10 employed to effect the endogenous production of mammalian purine permease by 
the relevant cells in the subject. For example, a polynucleotide of the invention may 
be engineered for expression in a replication-defective retroviral vector, as discussed 
above. The retroviral expression construct may then be isolated and introduced into a 
packaging cell transduced with a retroviral plasmid vector containing RNA encoding 

15 a polypeptide of the present invention such that the packaging cell now produces 
infectious viral particles containing the gene of interest. These producer cells may be 
administered to a subject for engineering cells in vivo and expression of the 
polypeptide in vivo. For an overview of gene therapy, see Chapter 20, Gene Therapy 
and other Molecular Genetic-based Therapeutic Approaches, (and references cited 

20 therein) in Human Molecular Genetics, T Strachan and A P Read, BIOS Scientific 
Publishers Ltd (1996). Another approach is to administer a therapeutic amount of a 
polypeptide of the present invention in combination with a suitable pharmaceutical 
carrier. 

In a further aspect, the present invention provides for pharmaceutical 
25 compositions comprising a therapeutically effective amount of a polypeptide, such as 
the soluble form of a polypeptide of the present invention, agonist/antagonist peptide 
or small molecule compound, in combination with a pharmaceutically acceptable 
carrier or excipient. Such carriers include, but are not limited to, saline, buffered 
saline, dextrose, water, glycerol, ethanol, and combinations thereof. The invention 
30 further relates to pharmaceutical packs and kits comprising one or more containers 
filled with one or more of the ingredients of the aforementioned compositions of the 
invention. Polypeptides and other compounds of the present invention may be 
employed alone or in conjunction with other compounds, such as therapeutic 
compounds. 

35 The composition will be adapted to the route of administration, for instance by 

a systemic or an oral route. Preferred forms of systemic administration include 
injection, typically by intravenous injection. Other injection routes, such as 




subcutaneous, intramuscular, or intraperitoneal, can be used. Alternative means for 
systemic administration include transmucosal and transdermal administration using 
penetrants such as bile salts or fusidic acids or other detergents. In addition, if a 
polypeptide or other compounds of the present invention can be formulated in an 
5 enteric or an encapsulated formulation, oral administration may also be possible. 
Administration of these compounds may also be topical and/or localized, in the form 
of patches, salves, pastes, gels, and the like. 

The dosage range required depends on the choice of peptide or other 
compounds of the present invention, the route of administration, the nature of the 

10 formulation, the nature of the subject's condition, and the judgment of the attending 
practitioner. Suitable dosages, however, are in the range of 0. 1 -lOOjxg/kg of subject. 
Wide variations in the needed dosage, however, are to be expected in view of the 
variety of compounds available and the differing efficiencies of various routes of 
administration. For example, oral administration would be expected to require higher 

15 dosages than administration by intravenous injection. Variations in these dosage 
levels can be adjusted using standard empirical routines for optimization, as is well 
understood in the art. 

Polypeptides used in treatment can also be generated endogenously in the 
subject, in treatment modalities often referred to as "gene therapy" as described 

20 above. Thus, for example, cells from a subject may be engineered with a 
polynucleotide, such as a DNA or RNA, to encode a polypeptide ex vivo, and for 
example, by the use of a retroviral plasmid vector. The cells are then introduced into 
the subject. 

25 This invention will be better understood by reference to the Experimental Details 

that follow, but those skilled in the art will readily appreciate that these are only 
illustrative of the invention as described more fully in the claims that follow thereafter. 
Additionally, throughout this application, various publications are cited. The disclosure of 
these publications is hereby incorporated by reference into this application to describe 

30 more fully the state of the art to which this invention pertains. 



EXPERIMENTAL PROCEDURES 

Animal housing and treatment - Male transgenic CRF overexpressing C57BL/6J mice 
35 (CRF-OE or TG) and their wild-type littermates (WT) were maintained in an specific 
pathogen free facility that meets all national and European requirements for animal 




care. Mice were housed individually 4 weeks before the start of the experiment in a 
climate-controlled animal colony with a 12h dark-light cycle (light on 7:00 EST) with 
free access to food and water. Prior to treatment 3 month old mice were randomized 
over three groups each comprising 4 wild-type and 4 transgenic animals. One group 
5 received no treatment, a second group received vehicle injection 5 days, 2 times per day 
(10% cyclodextran (CD), pH4) and a third group received 10 mg/kg of a CRH-R1 
specific antagonist R121919 in 10% CD following the same regime. 16 hrs after last 
treatment animals were sacrificed for dissection of brain areas and subsequent isolation 
of RNA. 

10 Sample preparation - Macroscopically the following brain areas were dissected from 
transgenic and wild-type animals; pituitary, cerebellum, temporal area, hippocampus, 
frontal cortex, and nucleus accumbens. Brain tissue was homogenized in Trizol 
(Invitrogen Life Technologies) using an Ultra-turrax T25 grinder (IKA-labortechnik). 
Total RNA was extracted using Trizol according to the instructions of the 

15 manufacturer. Total RNA was further purified using Rneasy kit (Qiagen) with DNAsel 
treatment on column. 

Microarray hybridization - cRNA was prepared as follows. Reverse transcription was 
performed on 10^g of total RNA for lh at 42°C using a T7-oligo(dT) 2 4-primer and 
Superscriptn RT (Invitrogen Life Technologies). Second strand cDNA synthesis was 

20 done for 2 h at 16°C using Escherichia coli DNA Polymerase I, DNA ligase and 
RNAseH (Invitrogen Life Technologies). After phenol-chloroform extraction using 
phase-lock gel (Eppendorf) in vitro transcription was performed for 6 h at 37°C using 
the Bioarray high-yield RNA transcript labeling kit with Biotin labeled ribonucleotides 
(Enzo Diagnostics). cRNA samples were purified on Qiagen Rneasy columns followed 

25 by fragmentation for 35 min at 95°C. cRNA yields were between 50 and 100[xg. 
Samples were processed on GeneChips (Affymetrix, Santa Clara, CA). In order to 
check the quality of each sample, 5(xg of labeled cRNA was run on Test2-arrays. Actual 
experiments were performed on Murine Genome U74Av2 arrays, containing probe sets 
interrogating approximately 12,000 full-length mouse genes and EST clusters from the 

30 UniGene database (Build 74). Hybridization was performed using 15|xg cRNA for 16 h 
at 45°C under continuous rotation. Arrays were stained in Affymetrix Fluidics stations 
using Streptavidin/Phycoerythrin (SAPE) followed by staining with anti-streptavidin 
antibody and a second SAPE staining. Subsequently arrays were scanned with a HP- 
Laserscanner and data were analyzed with the Microarray Suite Software (Affymetrix). 

35 No scaling or normalization was performed at this stage. Quality of the experiment was 
assessed based on the percentages present calls (see table). 



• 
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Area 


Present calls 


375' 6-Actin 


375' GAPDH 


temporal area 


46.15±1.98% 


1.9610.53 


1 .4610.38 


hippocampus 


46.27±1.89% 


1.5810.39 


1.2210.29 


cerebellum 


47.1412.13 


1.6710.37 


0.9710.08 


frontal cortex 


44.68±2.23 


1.8510.39 


1.2910.26 


nucleus accumbens 


44.27±2.11 


2.6910.85 


2.5211.20 


pituitary 


45.3311.67 


1.5310.28 


1.2510.21 



Samples with low yields of RNA or low percentages present calls or deviating 375' 
ratios were omitted from subsequent analysis. The number of animals that were used 
for analysis are shown in table. 





WT 


WT 


WT 


TG untreated 


TG 


TG 




untreated 


vehicle 


R121919 




vehicle 


R121919 


temp, area 


4 


4 


4 


3 


4 


3 


hippocampus 


4 


4 


4 


3 


3 


4 


cerebellum 


3 


4 


4 


3 


4 


3 


frontal cortex 


3 


4 


4 


3 


4 


4 


nucleus 
accumbens 


4 


3 


4 


4 


3 


4 


pituitary 


4 


4 


4 


4 


3 


4 



Dam analysis and selection of genes 

Raw intensities on each array were normalized using the following algorithm: 



1 0 lOg laligned = log Iraw + 



log 



Jail samples 



log 



sample 



# genes x # samples # genes 



Basically this alignment sets the average intensity of one array to the average measured 
this normalization compensates for array to array variations in hybridization, washing 
and staining, ultimately allowing a reasonable comparison between arrays. After 
15 normalization, data were analyzed using weighted spectral mapping analysis (SMA) 
(7). Weighted spectral mapping is an unsupervised multivariate analysis method which 
includes double-centering of the data combined with a specialized visualization 




representing the two highest principle components explaining most of the variance 
within the dataset. Even though double-centering removes the "size" component of the 
array data, this information is reintroduced in the visualization via the area of the 
symbols representing the size of the respective samples (depicted by squares) and genes 
5 (depicted by circles). What remains are contrasts between the different genes and 
contrasts between the different samples of the data table. These contrasts can be 
expressed as ratios due to logarithmic transformation performed by the algorithm. The 
contrasts can be understood as specificities of the different genes for the different 
samples. Conversely, they refer also to the specificities or preferences of the different 

10 samples for some of the genes. Therefore, one could state that SMA provides a 

visualization of the interactions between genes and samples. This method allows the 
reduction of a large microarray dataset and provides means to visually inspect and 
thereby identify clusters of genes and/or subjects in the data. In the spectral map 
samples which cluster together can thus be interpreted as being similar. 

15 Correspondingly samples located at opposite sites of the axes or the center can be 
interpreted as being dissimilar. 

In addition to this overall analysis the identification of individual genes with a different 
expression level between groups were identified using significance analysis of 
microarray data (SAM) (8). SAM identifies genes with statistically significant changes 

20 in expression by assimilating a set of gene-specific t-tests. In contrast to the classical t- 
test, this gene-specific t-tests not only takes into account the variance observed for a 
particular gene but also includes a so called fudge factor covering the overall variance 
across all genes measured. Genes with scores greater than a threshold are deemed 
potentially significant. In order to estimate the number of false positives among these 

25 potentially significantly changed genes, SAM uses permutations to estimate the false 
discovery rate. To this end t-values are calculated iteratively on permutations of the 
measurements. The threshold can be adjusted to identify smaller or larger sets of genes, 
and corresponding FDRs are calculated. In addition to the threshold delta that 
influences the number of significantly changed genes and a corresponding FDR, a fold 

30 change threshold can be imposed to discards genes that show only a limited difference 
in expression between samples. These changes are probably from a biological point of 
view of little significance. 

K-means clustering of expression data obtained on a given brain area was carried out 
using the OmniViz program. All records which were absent in all samples were 
35 removed and all signals less than 20 were set to 20. This allowed the clustering of genes 
with similar behavior. 




Quantitative RT-PCR - Microarray data were confirmed using real time PCR analysis. 
First strand cDNA synthesis was performed on 0.5|ig total RNA using random hexamer 
primers and Superscriptll RT (Invitrogen Life Technologies). Quantitative PCR was 
performed on a ABBPrism 7700 cycler (Applied Biosystems) using a Taqman PCR kit. 

5 Serial dilutions of cDNA were used to generate standard curves of threshold cycles 
versus the logarithms of concentration for B-actin, CRH receptor 1 (Crh-Rl), CRH 
receptor 2 (Crh-R2), neurotensin receptor 1 (Ntsrl), neurotensin receptor 2 (Ntsr2), 
neurotensin receptor 3 (Ntsr3), 1 lB-hydroxysteroid dehydrogenase 1 (HsdllBl), 
serum/glucocorticoid regulated kinase (Sgk) and the genes of interest (see table for 

10 sequences of primers). A linear regression line calculated from the standard curves 
allowed the determination of transcript levels in RNA samples from the different 
treatment groups at each brain area. 



B-actin forward 
B-actin probe 
B-actin reverse 


5'-CATCTTGGCCTCACTGTCCAC-3' 
5 ' -TGCTTGCTG ATCC AC ATCTGCTGG A-3 ' 
5 • - GGGCCGG ACTC ATCGT ACT-3 ' 


CRF 2 forward 
CRF 2 probe 
CRF 2 reverse 


5 ' -GGG AG AAC AGA AGCGCCTG-3 9 
5 ' - AG AAGGGTG AGG ATCCCCC AAATC AG AGT-3 ' 
S'-CCCTTGTTTCAATCACTCCCA^' 


CRF, forward 
CRF, probe 
CRFj reverse 


5 * -TTTCTG AAC AGTG AGGTCCGC-3 ' 
5 ' -CCGG A AG AGGTGGCGGCGA-3 ' 
5 ' -GGGCTCTG ATGG AGTGCTTG-3 ' 


Ntsl forward 
Ntsl probe 
Ntsl reverse 


5 ' -CGCCGCCG AAAG AAG AG-3 ' 
5 ' -CC AACGTTCTCC AGG AAGCC AA AC AG-3 ' 
5 ' - ACGC ATGGTTGCTGG AC AT-3 ' 


Nts2 forward 
Nts2 probe 
Nts2 reverse 


5 ' -TGGTG ACC AAC ACGCTCTTCT-3 ' 
5 , -TCAGCTCGGCAGTGACCCCA-3 , 
5 ' - AGG A AG AC ACGGCGTTGTAG A-3 ' 


Nts3 forward 
Nts3 probe 
Nts3 reverse 


5 ' -GG A AGCCGG AG AAC AGC A A-3 * 
5 1 -TGCG ACGCTACCGC AAAG AAC A-3 ' 
5 , GGATATGAAGGCTGCACTCGTT-3 , 


Sgk forward 
Sgk probe 
Sgk reverse 


5'-TGGACCAATGCCCCAGTT-3 , 
5 y -TC AGTC A AAGCCGTTGGTGTTTTC ATTG-3 ' 
5 ' -GCCCGTTTT AT AGGTG AC ATTTT A A-3 ' 
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Hsdllbl forward 


5 ' -GGG ATAATTAACGCCC A AGCTT-3 ' 


Hsdl lbl probe 


5 ' -CCC AAGG AGG AGTGCGCCCT-3 ' 


Hsdl lbl reverse 


5 ' - AGAGCTGTGCCTTTG ATG ATCTC-3 ' 



Autoradiography - [ IJNeurotensin binding and film radiographs on brains of adult 
male transgenic C57BL/6J mice and their wild-type littermates, was performed as 
5 described previously by Moyse et al. (12). Twenty-micron-thick sections were 
incubated with 0.1 nM monoiodo [ 125 I]Tyr3-neurotensin (2200 Ci/mmol, Perkin Elmer) 
in 50 mM Tris-HCl, pH 7.4 containing 0.1 % bovine serum albumin, 1 mM EDTA, 5 x 
10" 5 M bacitracin, 2 [ig/ml chymostatin and 4 (xg/ml leupeptin. Incubating additional 
sections in the presence of 1 \xM native neurotensin assessed the non-specific staining. 

10 [ 125 I]Neurotensin binding with blockade of the Nts2 was achieved on hippocampal 
sections in the presence of 1 |xM Levocabastine, an Nts2 antagonist. Densiometric 
analysis of the film radiographs was performed using an MCK) M4 digital analyzer 
(Imaging Research, St Catharines, ON, Canada). On each section structures were 
delineated interactively and pixel gray levels were measured in the outlined areas. The 

15 pixel gray levels were converted to radioactivity per mg of tissue using the co-exposed 
125 I-standards and averaged over the measured area. Data were analyzed statistically by 
a two-way ANOVA and concomitant Bonferroni's Post-hoc test using SPSS 11.0 
software. 

20 

RESULTS & DISCUSSION 

In order to study the effects of prolonged CRH administration on the central nervous 
system we compared gene expression profiles in brain regions derived from CRH 
overexpressing mice to those of their wild-type littermates. In addition we studied the 

25 effects of CRH-R1 antagonist administration on these expression profiles. The brain 
regions investigated in this study include pituitary, nucleus accumbens, frontal cortex, 
temporal area, hippocampus and cerebellum. Expression of CRH receptor 1 (CRH-R1) 
and 2 (CRH-R2) was measured in brain areas using quantitative real time RT-PCR 
(RTq). Although CRH-R1 was readily detectable, no reliable measurements could be 

30 obtained for CRH-R2 in these brain areas. The observed expression levels of CRH 
receptors in these brain areas correspond with previous reports of high levels of CRH- 
Rl in cerebellum and frontal cortex and lower levels of expression of CRH-R2 which is 
mainly a peripheral receptor (see figure 1)(9). 




RNA isolated from the different brain areas derived from different animals were 
processed separately on arrays containing 12000 murine EST. After normalization data 
were analyzed per brain area. First pass examination of data was performed using 
spectral map analysis (SMA), allowing an overall graphical interpretation of gene 
5 expression responses in relation to the treatment group and genotype. SMA indicated 
no gross changes in expression between treatment groups for all areas except pituitary. 
In all brain areas most samples derived from transgenic animals (Tg) are clustered at a 
different location than those derived from wild-type animals (WT). This is most 
obvious at the level of the pituitary where a clear difference in expression pattern is 

10 observed between Tg and WT animals with samples clustered at opposite sites in the 
spectral map. Taken together these data indicate that life long exposure to CRH induces 
changes in gene expression profiles in all studied brain areas, with the most prominent 
effects observed in pituitary. These changes in expression profile are not affected (or 
only to a limited degree) by a 5 day treatment with CRH-R1 antagonist as exemplified 

1 5 by the pituitary spectral map. 

In order to identify genes that were significantly changed, the significance analysis of 
microarray data (SAM) algorithm was applied. In agreement with the SMA only a 
limited number of genes was found significantly changed in most brain areas (see 
supplementary information). In pituitary however more than 300 genes were differently 

20 expressed between WT and TG animals. Gene expression profiles in the studied brain 
areas of CRH overexpressing mice elucidated previously unrecognized homeostatic 
mechanisms present in these animals. In general the observed expression profiles point 
towards a few pathways that are affected in transgenic animals (TG). 
TG animals have plasma glucocorticoid levels that are 6-8 times higher than in WT 

25 animals (see figure 3). As a consequence gene expression profiles show an adaptation 
. to these high levels of corticosterone. This is achieved both by downregulation of 
enhancers of glucocorticoid receptor signaling such as 1 lB-hydroxysteroid 
dehydrogenase type 1 (11B-HSD1) in hippocampus and upregulation of putative 
repressors of this signaling pathway such as FK506 binding protein 5 (Fkbp5) (see 

30 figure 4). 

Tissue glucocorticoid concentrations are determined not only by plasma hormone 
levels, but also by two intracellular 1 16-hydroxysteroid dehydrogenases (type 1 and 2), 
which locally interconvert active glucocorticoids and inert 11-keto forms. 11B-HSD1, 
the predominant isoform in the brain, appears to function as predominant 11B- 
35 reductase, regenerating active glucocorticoids from 11-keto forms. By studying 11B- 
HSD1 deficient mice it was demonstrated that the intracellular regeneration of 
glucocorticoids by 11B-HSD1 plays an important role in HPA-axis control. In response 




to restraint stress these mice show exaggerated ACTH and corticosterone levels. In 
addition 11B-HSD1 deficient mice were less sensitive to exogenous Cortisol 
suppression of HPA activation, suggesting a diminished glucocorticoid feedback in 
these animals. In view of the significant downregulation of 1 1B-HSD1 in hippocampus 
5 of CRH overexpressors it can be envisaged that these mice have an altered 
glucocorticoid feedback. 

Fbp5 was found upregulated in all brain areas tested, although only significant in a few, 
all other showed a similar tendency (figure 4). The observation that the exchange of the 
immunophilin FkbpS for Fkbp4 is an important first step of for activation of the 

10 glucocorticoid receptor (GR) is of interest. In squirrel monkey and New World primate 
genera in general, Fkbp5 has been identified a potent inhibitor of glucocorticoid 
receptor binding. Our observation of induction of FkbpS could be explained as an 
attenuation of the GR in response persistent high levels of circulating glucocorticoid. 
Another indication of altered glucocorticoid signaling is the upregulation of 

15 serum/glucocorticoid kinase (Sgk) in cerebellum, nucleus accumbens and temporal area 
(figure 4). Sgk is a serine/threonine protein kinase of which transcription is induced by 
glucocorticoid and serum and is regulated by anisotonic and isotonic cell volume 
changes. In rat brain it has been shown that Sgk mRNA levels were increased by 
dehydration in the temporal lobe, including hippocampus. In the same study it was 

20 demonstrated that Sgk markedly increased the activity of the neuronal K + channel 
Kvl.3 suggesting that Sgk might participate in the regulation of neuronal excitability. 
Of interest is a recent report on facilitation by Sgk of memory consolidation of spatial 
learning in rats. Sgk was shown to be differently expressed in fast learners versus slow 
learners, moreover it was demonstrated that transfection of Sgk into the CA1 region of 

25 hippocampus leads to increased water maze performance (10). In that respect it is 
striking that while this study demonstrates that CRH overexpressors show high levels 
of Sgk mRNA, these animals have been reported to exhibit a profound learning deficit 
(11). 

Neurotensin receptor 2 (Ntsr2) was found downregulated in several brain tissues 
30 including hippocampus and nucleus accumbens except pituitary (see figure 5). 
Neurotensin (NT) is a tridecapeptide which is found in high concentration in numerous 
areas of the CNS where it plays a role as neurotransmitter and neuromodulator. When 
NT is administered by intracerebroventricular injection a variety of CNS effects are 
observed, including hypolocomotion, hypothermia, analgesia, and reduced food 
35 consumption. Three receptors for NT have been identified (Ntsrl, 2 and 3). Studies of 
Ntsrl deficient mice demonstrated this receptor to be responsible for the effects of NT 
on body temperature, feeding behavior and hypolocomotion. Ntsr2 on the other hand 




seems to account for the analgesic effects of NT as demonstrated by applying an 
antisense strategy in mice brain. The observation of Ntsr2 downregulation prompted us 
to investigate expression levels of other members of the NT receptor family by RTq. 
Ntsr3 did not show any change in expression in all areas tested. In contrast Ntsrl was 
5 significantly downregulated in CRH overexpressors with the effect being the most 
pronounced in hippocampus (figure 5). Level of downregulation was higher for Ntsrl 
than for Ntsr2. Striking was the upregulation of both Ntsrl and Ntsr2 in vehicle treated 
animals (both tg and Wt) compared to untreated animals. This increase in expression 
level was abolished in Rl 21 91 9 treated animals, suggesting that repeated stress induced 

10 expression of Nstrl (and to a lesser extent Nstr2) and that this induction could be 
reverted by a CRH-R1 antagonist (even 16 hrs after last treatment). Our data 
demonstrate for the first time a link between CRH and NT systems in CRH 
overexpressing animals and suggest a role for these NT receptors in repeated stress. 

In order to evaluate the changes in Ntsl and Nts2 mRNA at the protein 

15 expression level, we assessed the receptor expression (Ntsl-3) by autoradiography of 
[ 125 I]NT binding on brain sections. The generated data demonstrated an overall non- 
selective (Ntsl-3), genetically determined downregulation of the [ 125 I]NT binding 
capacity in the stratum radiatum bordering the CA1-CA2 region of the hippocampus (- 
21.8 ± 3.0%, p<0.05) and the anterior cingulate cortex (-22.2 ± 2.7%, p<0.05%) in 

20 CRF-OE versus WT animals (Fig 6). No changes were seen in the olfactory bulb, 
nucleus accumbens and septum. 

The [ 125 I]NT binding capacity of the vehicle treated animals, in both WT and CRF-OE 
animals, was not altered compared to the untreated animals. However, subchronic 
administration of CRFi antagonist R121919, resulted in an upward trend (p=0.057) of 
25 the [ 125 I]NT binding capacity for the Stratum radiatum bordering the CA1-CA2 region 
compared to the vehicle treated animals, in both WT and CRF-OE animals. Moreover 
the level of [ l25 I]NT binding in the Rl 21 91 9 treated CRF-OE animals equaled the level 
measured in untreated WT- animals (Fig 6). 

To discriminate between the different receptors [ I]NT binding experiments were 
30 performed in the presence of a saturating concentration of Levocabastine, a Nts2 
specific antagonist. Based on the results of the previous binding experiments, we 
focused on hippocampal brain sections (Fig 7). [ I25 I]NT binding capacity was 
downregulated in the CRF-OE as compared to the WT animals, in the stratum radiatum 
(-63.8 ± 6.5%, p<0.001%), the retroslenial granular cortex (-49.4 ± 7.5%, p<0.001%) 
35 and the temporal cortex (-34.8 ± 3.5%, p<0.001 %). 

Although in the hippocampus of WT and CRF-OE vehicle-treated mice, the Ntsl 
mRNA levels were upregulated (Fig 5), no such alterations were observed in the 




vehicle-treated animals at the level of [ I]NT binding (Fig 6 & 7). Overall the 
[ 125 I]NT binding capacity to Ntsl -3 was downregulated in the stratum radiation of the 
hippocampus and the anterior cingulate cortex in CRF-OE when compared against WT 
animals (Fig. 6). Moreover, when we blocked the Nts2 receptors with the Nts 2 specific 
5 antagonist Levocabastine, the downregulation of the [ 125 I]NT binding capacity was 
even more pronounced in the stratum radiatum of the hippocampus, the retrosplenial 
granular cortex and the temporal cortex in CRF-OE animals versus WT-littermates (Fig 
7). Although Nts3 is also expressed in the mentioned regions, the affinity for NT of 
Nts3 is much lower then that of Ntsl suggesting that [ 125 I]NT primarily bound to Ntsl. 
10 Furthermore, since no alterations in Nts3 mRNA were seen in the Rtq we attribute this 
downregulation entirely to the Ntsl. 

Strikingly, Ntsl (less pronounced for Nts2) mRNA expression was upregulated in 
vehicle-treated CRF-OE and WT animals. This mRNA increase might be induced by 
repeated injection stress and was counteracted by subchronic administration of the 

15 CRF, antagonist R121919. Yet, this is not translated at the receptor level. [ 125 I]NT 
displayed equal binding to Ntsl in the hippocampus of untreated and vehicle-treated 
WT and CRF-OE mice (Fig 6,7). However, at total NT binding level, R121919 
counteracted the downregulation of [ 125 I]NT binding. In CRF-OE R121919 increased 
the [ 125 I]NT binding level in the stratum radiatum to an extent that equaled that in 

20 untreated animals (Fig 6). This could implicate CRFi receptors in the regulation of NT 
receptor expression. 

Previous reports show that glucocorticoids increase NT mRNA expression (+92%) and 
NT-release (+100%) in primary hypothalamic neuron cultures and periventricular 
hypothalamic nuclei (PVN) (Nicot et al., 1995;Scarceriaux et al., 1995;Souaze et al., 

25 1997). Interestingly, different stressors like forced swim in cold water, immobilization 
stress and tail shock stress also elicit increases in NT mRNA in the PVN and central 
amygdaloid nucleus of rats. On its turn, NT can lead to HPA-axis activation as 
demonstrated by intracerebroventricular administration. This activation can be blocked 
by both alpha-helical CRF, a non-specific CRF antagonist and by SR-48450, a Nts 1-2 

30 antagonist (Azzi et al., 1998;Lepee-Lorgeoux et al., 2000;Nicot et al., 1994;Rowe et al., 
1995). High NT levels also downregulate Ntsl and Nts2 (Hermans and Maloteaux, 
1998). It could be argued that the observed downregulation of Nts 1-2 levels in CRF-OE 
relates to their increased glucocorticoids levels. The observations that hypercortisolism 
or dexamethasone administration results in a selective downregulation of Ntsl mRNA 

35 (40-70%) in the PVN (Nicot et al., 1995) and that dexamethasone decreases the 
[ 125 I]NT binding in primary hypothalamic neuron cultures (Scarceriaux et al., 1996), 
support this idea. Thus, the Nts 1-2 downregulation might theirfore prevent a further 




NT-induced CRF release. Taken together, these data demonstrate a clear link between 
the HPA-axis and the NT-system in limbic brain areas. The NT-system might therefore 
have a regulatory role in repeated stress and anxiety besides previous proposed roles in 
schizophrenia and pain suppression. 

5 

Other pathways affected include intracellular calcium signaling/sensing (hippocalcin 
like 1, calcyclin, ...), myelination (myelin, myelin-associated glycoprotein, ...), cell 
proliferation and neurogenesis (Edg2, Id2, GAB1, ...) and extracellular matrix 
formation (decorin, brevican, ...). 

10 Hippocalcin like 1 (Hpcall) belongs to the neuronal calcium sensor family family of 
Ca 2+ -binding proteins which play a role in diverse processes, including modulation of 
neurotransmitter release, control of cyclic nucleotide metabolism, biosynthesis of 
phosphoinositides and indirect regulation of ion channels. It has been demonstrated that 
hippocalcin might potentiate the protection from apoptosis exerted by neuronal 

15 inhibitor-of-apoptosis (IAPs) proteins. 

The changes of expression observed in genes encoding proteins involved in 
myelination, cell proliferation and extracellular matrix formation suggest a change in 
the dynamics of neurogenesis in CRH overexpressors. In support of this are the changes 
in expression observed mainly in nucleus accumbens involving the endothelial 

20 differentiation lysophosphatidic acid G-protein-coupled receptor 2 (Edg2), growth 
factor receptor bound protein 2-associated protein 1 (Gabl), Inhibitor of DNA binding 
2 (Id2) and fibroblast growth factor receptor 2 (Fgfr2). 

As the pituitary is the primary target organ for CRH it is expected that prolonged 
elevated levels of CRH as present in CRH expressors induce major changes in 

25 expression profiles in the pituitary of transgenic animals. The activated state of the 
pituitary is exemplified by high expression levels of several kallikreins, which play a 
role as proprotein concerting enzymes in the processing of diverse hormones secreted 
from the pituitary. Striking are the elevated levels of preproenkephalin A (10 times 
higher in Tg versus Wt) and to a lesser extent of prodynorphin (2 times higher in Tg 

30 versus Wt). This finding of elevated levels of endogenous opioids in CRH 
overexpressors is in line with the notion that these opioids represent a major 
modulatory system in the adaptation of an organism to chronic stress, balancing the 
response that the stressor places on the brain with the potentially detrimental effects 
that a sustained stress response may produce. Other interesting findings in the pituitary 

35 include elevation of Bdnf mRNA levels, one of the most prevalent neurotrophic factors 
in the brain, and of the vesicular inhibitory amino acid transporter (Viaat). This increase 




in Bdnf is in contrast to reports of acute and chronic stress decreasing levels of Bdnf in 
hippocampus (1 1). 

In conclusion gene expression profiling of several brain areas of CRH overexpressing 
mice elucidated previously unrecognized homeostatic mechanisms present in these 
5 animals. 



The identification of genes altered in CRH overexpressing mice compared to wild-type 
littermates allow further molecular characterization of this animal model of chronic 
pituitary-adrenal activation. We provide the tools to evaluate at the level of gene 

10 expression the consequences of prolonged exposure to CRH, which could eventually 
lead to the use of novel markers in stress, anxiety or depression both in animals and in 
humans. In addition we demonstrate that administration of a CRH-R1 antagonist does 
not lead to a general 'normalization' of expression levels in transgenic animals, 
although at the pituitary level some effect of the compound is measured. In addition 

15 repeated stress inflicted by the treatment seems to elicit a response in gene expression 
of specific genes such as neurotensin receptor 1. This effect can be reversed by CRH- 
Rl specific antagonists, suggesting a close link between neurotensin and CRH. 
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SEQUENCE LISTING 
SEQ ID NO. I 

5 tttttttttttttttttaccaaaaatatcattttattctttaatggaaaaaggcattaatattcaaacaaaggaatcacattttaataaccctataga 
tccaggaacattcaagcagcagtcatgagggaaaaatgtttcaatagcccagttttcttca 

SEQ ID No.2 

10 tttttttttttttttttccaacttaacgttttttttaatttagaatamatttttaacacaaaagcagttcattttattcagcaaaataaatttaacaagttcattt 

taaattctagactctgtaactttttttttccttagctacttgcttttctgccccttggaatccatagctgctatactaggttgctttccaaggtaacacagctgtaagg 
gaaggaactgttcattcattcatatatatatatatatatatatatatatatatatatatataatttgaatgactcaaatacacccacgttctcattcaaccaccagtgt 



15 SEQ ID No. 3 

tttttttttttttttttggacatgaagtgtgtttattaggaagaacactccaagcactcacaaatggctttcacaaacacttagcctaggctggaacacaaaaggat 
atcacaacagagtccattgggttttacttgcttacatcaccaaagaatgttcatggcagttaattttcaggctgtaaaaactacatctatggcaccaaca 

20 SEQ ID No.4 

atatttaactcaaggcagaggaaagattatcccagctaataattccattcagctgatgaaatacttgattattagagagcagtcccaataagcagctttaagttt 

tccgtattcattttaaacatcagtgcattaccttcaatatggtaaagatgtttttttcagttgaatggttcatattttggtgcagtgttt^ 

caataataaactaacata 



SEQ ID No.5 



gaaggcaaagatcatttgcatgttttatttaaaagtaaacagctgttaagatagaagggcagatgttttctttattgtaaagacagcagttacaaaagagttaca 

agttacaagtcaaataaatatgacattaagaatttttggttttggttt^ 
30 aagatacaaaaatctgtctcatgggcgagaatacatttctttcagttctctggaactgnttgtcagacacgggaatttggtcatgatttcaaaaga 

SEQ ID No.6 

tttttttttttttttttggnttttatcacatttattgttacattmtttaattttttttgcagtaatagatgaggcacaaacacctcctgcU^ 
35 gacaatagtcaagggtaacagtgaaattaaaaaaaaaaaaaaaaatacaaacgcctaaggtctgggagaaacctgactacaatctacgtggagaaactt 
gtaaatgactccagcctggtcttccgattgcaccacttcacagaccacagaggaggggtgtcccagcagaaaggacacagccaggctcagctcgccag 
ggtggtgggcctctgcccatccacctgcgttctgctcagctagctcaagttcacatcttgctactcacatgctgccttctggttttcaaagtgactggtacaaac 
ggtcagtctcctcgtgccg 

40 SEQ ID No.7 

gtggcaacacaggaaactcacagaccttggtttattagattattttaatatgccagaccaatagaaaggaaggacggagcacacaggaacacctgtgtttg 
caggacagagggcagatgtccacagccttgggcatgcatgtatctcctgtgtaattaggcaaatgaatacttaaataccacacaaccgccagacttgggg 
gtggggagaatcacaggccacaggggaccatgctttaaaggcagtcagaggctttaaatacaggggctgaaccttctcactttatacaaaacttatatatta 
45 aaagtaaggataccacggtatatacatgcaagcagctttggttggagaaaaatgaccaagggaggtggagcctgaataggaagggcntgccatataatgt 
ctatcttcttcatcctcacaaagtcacctgggattatagaataaatcagctggtctcagtaagatattgaaaagtccngtctggtgtcctaagtgcttaaangcc 
nccgtnggcagggaagggnccttttncgagatactgaaacctngaaggaacagctggactngattgtgggtgact 



SEQ ID No.8 

tttatttgatcattttaatatgccaggtcaatggaaaggaaggacagagcacacaggaacacctgtatttgcaggacggagggcagatgtccacagccttg 
ggcatgcatgtatctcctgtgtaattaggcaaataaatacttaaataccacagcacagccagacttgggggtgggggggaatcacaggccacaggggac 
catgctttaag 

55 SEQ ID No.9 




ttaaataagaagtcaagatctgtgggactgtgataggcagcctattttagttgaatggggcttgctetggtgacccaatagagaaatctacaagggatgaaaa 
ggtgagccatattcccagaatcaggagcctgtccataattctgttactatcagtcgtgcagacaatgtcccaagcttctggcattctggttagactccaccccc 
acagccacctgactatagctcactataagaggggctgcttggcccctcctcgctctttagccctcaggtttcttactctctagcctcctcctcctctctctctctc 
tctctcccttcccccatctctccacatggccatggctggtttctctctctttctaccttctttcctttctccctgcctttctacaataaagctctaaaaccataaa 
5 tctctgatcatgaaggcctgccatgcttgaactgccatgcttaggctttctcctaaggagccgagtctaacctcccaccagaaggccatcctgtgctccagc 
cacagacctgaccaaggactctcgcccgagtgggaaccatccagtgccctctcccccagccctctcctcctttcatccctggggccaagtgccaccccg 
ggcccctattctgttctctgttcctttgctgtatccagcctgggatgtcggaggccgagaatctggtacctggggctgccccttgtctaccacccgctgtgtg 
ggttagtggcttcctacagcagacacccaccgggggccgtgtggaaagcgtgaacagtcctcctccgaccacccgcccagagcactggatctctggcg 
ggacacgggttctctcccactcccctctttcccccacatccacagccctgcaaagatcaggctttgcagacaccactgttgctttttgccgcttgctgaagca 

10 atgatcaaccccaccgcgttcttccttgggccacgtctcctttgagctgtttgcagacaaagttccaaagacagcagaaaactttcatgctctgagcactgaa 
gagaaaggatttggctataagggttcctcctttcacagaattgtcccaggattcatgtgccagggtggtgacttcacacgccgtaatggcactgatggcagg 
tccatctacggagagaaatctgaggatgacaatttcatcctgaagcatacaggtcctggcatcttgtccatggcaaatgctggaccaaacacaaatgggtc 
ccagttttttatctgcactgccaagactgaatggctcgatggcaagcatttggtctttggaaaggtgaaagaaggcaatgaacattgtcgaagccatggagc 
gttttgggtccaagaatggcaagaccagcaagaagatcaccatttgtgactgtggacaagtctaatttcttttgactttcgggcattttacccatcaaaccattc 

15 tttctgtagctcataagaacacccctaccccatctgctctcaatgtcctgtaatctctgctctcactgaagttctttgggttccatattttcctcattccccu^ 

ctagctggattgcaaagttaagcttatgattatgaataaaaactaaataagaaaaaaaagtcaagatcagatttagaatttaaaacaactatacagaggtacc 
attaactaaattcaatttatatgttcttaagatgtatacaaaataaagtttgatatattcgtgaaatttttgttttaaccaagaaaagaaaaaaaaaataaaaaggat 
ttttttgcaaaaacacatatccaccaagtagcttatctaaaatatacaaagaatatgtatatagcacagcagaaagggaaaaaaaaaccccaactttaaagta 
ggaaaatatttacatagtcactgcatgaacggtattcaaaacccagaaaatcacattaaaaaaatgttcagtgtccttagtagtgaggggaatgcaaatttgtg 

20 tttgaaaggttgctggtttccaagagatcctttgagaacagtgtggtagctgctgctaaagaatcaggcaaagccagaagttgctcacatttaggaggcttgt 
gtgctgggggttgggaggatgactgctaaatactggggaagcaaaatgagctaagtctttacagcaactgtcatttgtgagagtaaaccattagaaacgga 
cggcaggtttgtggtagattccacaaggtggtggaactagtcgc 

acaggtatgctgccatccagctagcacagcactaggctaaagcgtactgagcccttgtcttccgtgggagctgcagagtgggatgcatgcgttgtgagctg 
aggctcaagctgcgctggcagaagagcaggggttgccttgtcagactccagggtctctttctctctgagcctgggaaagtgccactttattggatctataaa 
25 gccggggggggggggggggggaggaatctcaaggtgaagaggaagttcacagacccctctaacgcctctattagaaccttccagctattctctcatactt 
gtacactgagc'tggcacacagtataggcaagttctattcgcafc 

ggaaaccaaaatatcctttaagatcttactaactggttgcctgttcagcttttccacattgatcctgtagccccctcgaggaggtgaaggaaaaaaatctcctc 

tttgtttctctaactcattaatgaattttaagggcactctgtaaggttcctttcccattctggtctggttcgtacattctgagaaacacactgtg^ 

ggctccctagctacactgtctgtcacattgatgctctgagtagggacagggttcatctaggaaatatattttcactcacactctgtatcttttcctagtttggcata 

30 ttctagtctgcatttggctctctgtttaaatataaaagaaaactaaaacacacccttcagacgcctatgtctgaaaaatctggcatttccgtgggtttttctttaag 
gaggccttcatttgtaaccaacaccatgctctccttaaggaaatcaatctcaatgccctattatccttcccttttctttcctcccagtttgaggctgcagttgccU^ 
ttttttcttatcccctgctgaacctgaaaaaccctctcttttctacagttttctgttcccaggccccgctgacttcctttagagcatggggggggggggggatca 
ggattgtgatgtgtgaactgggaggatcttgacctactccgctaacccagtggcctgagcaaatcacaaggaggattggagccatctgcccagcccctcc 
cccacggcagcctgctggaaagagacaagttagtcattcaaatgattggctttttgcccgcttcttctctaaataagaaggcagcagcttctgctgaggtgca 

35 aagggtttttgtgaattacggtggtgggtaagacccgagttccto 

cctggaagctgacagacagtcagaattttgatgagtacatgaaagctctgggtaggtaaaaataagacgtactgttttcttcttaactctgtattttgatccttag 
aaacccccgatttUcttaccaggtttctgaaagacaggctgagcacattgtgtcaattatactaagactgtgcatagcccactcaaataattcttactgtggto 
ttttcctgccttcttgcgaagaatcaaataaagggaccatttgatatcctgtggataatgtgaagcttctgtaacttttggagaagggagtgagaaggtccttatt 
tgtgcttaccttgtccatggctagtggagtaaccattaatcaggtttggacgaaatctacactttagaatccaattctggattcttagagtgacaagcagattt^ 

40 gaactattttggaagttgctgttaactgcgctggctccctttgctgtttcaggcgtgggctttgccactaggcaagtgggaaacgtgaccaaaccaactgtgat 
tatcagtcaggaaggtggcaaagtggtgatccggacacaatgcacattcaagaacacagagatcaatttccagctgggagaagagtttgaagaaaccag 
catagatgacagaaactgtaaggtaagaggcagctttatccggtgaggatgggacagaggattcccaatctctccacagacatggagaaggggaacaag 
ctttcagaatcccccttcaggaagaaggagccagagctaacattctagggtttactggttgtatcccagacactgagtaatttccagagccaaacttgcagg 
ctattmtcctttttcacattttatagcaacttttacccagagagtattgaaccatgtttatttgaaagaaagaccacaccttgttccttctctctgatcatctcagctt 

45 gaccaattagtccgtcgcacagcaaagctttgcttaagcaagaagagtgactagttctgtatttttatttctgatctatgctggttttttgcaactggctgtatac 
ggcagctgaatcataaatggccacattttagaaaacagagattcttgaaagtaacagaggatgaagtgctgctggaataattatgagtgatgtactcagttat 
ggccctctctgataatgctgtcgtttgacttctgtgaaaagtggacttctgcctgttaaccccctttgattggttgttgctctcagtctgtggttcggttggatg 
gacaagctcattcatgtgcagaagtgggatggcaaagaaacaaattgtaccagagaaattaaggatggcaagatggtcgtggtaagtcctaaggagtctg 
ccttttctgtccctgcttcccttctaagcatcattcttttgcactcccctctggactcttcttccttagcccccacttttgctctcccccaaccccttatttt^ 

50 gtttctcctgccgttcaaagtcccttaatatgtaaaacaggaggaaggaaaaactcagaactagaagaagcctcaggttggcacctgtagagttttaaaatta 
tacatcaatttaccccaaaagtgtgtgtcaagaaccgtggtcatgggattgctgtgaatgtccagccttcaactggaacttaaatgtaagctactcattaggaa 
aatatttgaagataactcataggaaaacataaagtaacgaaatatcagagtagttacctattagagactgtaattaaggcattttaaacattttaaattttagttta 
taagagctcagtgcaaataattttaacaaaaggtgaagctttaatttttactagatctgm^ 

tttcaagatatgtccagtgacagctaggcatataaatatcctaagatagaaaataattttataaataatttccctcatgatagaagttaggccttgatctagacct 
55 gtagagacaattttaaaaatagaaatatttagatgatagtgatatgggtaagtttgattattactcttgaggatgictggggttcccttacaaactcctgctaagat 
tttctagctgcctttctagtgcctttctggctgctggtacagaatagattgctcacttctttactatcacagtcagaactattctgtacttaaatacacttcttctca 




atgtagaatgttggagagcagggagcagagatttttcttgaataatcaacaaagaaaagagttcatttctaacaattatcctaaagttatctttttatgagtagcc 
ttgattcctttcttgtttatacaaagctagagcaagctcatctttagaaatcctgactgtggtcaggcaagactgagttctgcaagaactcagattacagaaagg 
camctgaattctgagggttmccaatgcttggaacgtcttgggtataaaccttaamctttttttttgtagtaattcttcactttcagagtaagagcatcaaaattca 
gtgcccctgccacctaagcatctagattatgttcacatgagctaaacatgacagtcaaagtagagagaacaccgtactggcatgtccttgctgagcttaaaa 
5 taagtcactcctgataccatgagctcaaaggcttgtattttctaaagaaacccatcaggattgtggatagaaaactgttatgaaaatctatgaaaaatcgaaat 
ccctttcaaagcagacaattgaggccacagtgacatgatgcgtttttcttggatccaatttcttctggttcccttagcaattttacaggaaaggaattttttaaacc 
atagtttccaattcagtttctacttccttttcatcttcataaam^ 
gaatatatgcaacatttaatgcttgcctatgtcctcattcttt^^ 

acgattcaattatctttggactatttcagactcttacctttggggatatcgttgctgttcgctgttatgaaaaggcatagaagagatgacaggacttttgacaa 

10 ggtttcctggagtcccagagttagccagctaatgaagcactggtcactaatta^ 

ccaagcaattcatgggattttgatatgcaaatttactgttttccattttttttaaataattttacaatactttttatagaaatgggaatatacttatgactttcttt^^ 
gcaaaccaaattgaaataaaaaatacacacacatatgatagctggttgtcatttttaataccgtcaatctatcttgaattttccatacagtagcctttcttatagca 
taaagtaaggctggaaaaaagtcttgtatcttgtataagatactcattcataagatagcttgatgacccagaaaaatatggagatgccacatatttgagactat 
gatgaagaacctggaattagtaagttcatctggtcaggacctaaggaagttggttatagtaagactacaaaaatgatcttttgctattaaaaacagtataaagg 

15 aaaaaaaaacaggcttcaacatgtgaccacaggtaaatataatcaagtgccatggaatcacagtgccatttatcaaagttttatagcaaagacaatttgaaa 
aaagaagtcaattttatcctccactcttagcacgagtctccaaacactgcactacactgaactttacaaagtcaagaatggtacaatgaagcctatacagaga 
atccatgaaaatgttccaattccacttttttcagggggtaggaagaacaggtaattagaacagagct 

SEQiDNo.10 

20 

MVDAFCATWKLTDSQNFDEYMKALGVGFATRQVGNVTKPTVIISQEGGKVVIRTQCTFKNTEIN 
FQIX5EEFEETSIDDRNCKSVVRLDGDKLIHVQKWDGKETNCTREIKDGKMVVTLTFGDIVAVRC 
YKA 

25 SEQIDNo.ll 

agcacagtgctgccctccgtaggctccgggttgtgctgggtgaggcttgggttgggttggcccggcggctgcgtgaactgcggagctggacctagcagg 
cttacagttcctcctagcatgaccgagatctgatcagccaacccgcgcattgctttttgtgcctggcactgcagtgcagggggcctcttcatcgccccaaact 
acagcactgtcatggcagctgcctctacttccagccctgtaatttcacagccccagttcacagccatgaacgaacaacagtgcttctacaatgagtctatcg 

30 ccttcttttataaccggagtgggaaatatctagccacagaatg^^ 

ggccaatctcctggtcatggtggcaatctacgtcaaccgccgcttccatttccctatttattacttgatggccaacctggctgctgcagacttcttcgctggatt 
ggcctacttctacctgatgttcaatacaggacctaatacccggagactgactgttaacacgtggctcctccggcagggcctcattgacaccagcctgacag 
cttctgtggccaacctgctggctattgctatcgagaggcacatcacggttttccgcatgcagctccatacacgaatgagcaaccggcgcgtggtggtggt^ 
attgtagtcatctggactatggccattgtgatgggtgctatgcccactgtgggctggaactgcatctgtgatatcgatcactgttccaacatggcacccctcta 

35 cagtgactcctacttagtcttctgggccattttcaacctggtgacctttgtggtcatggtggttctctacgctcacatctttggctatgttc 

ggatgtctcggcatagttctggacccaggaggaatcgggacaccatgatgagccttctgaagactgtggtcattgtgcttggtgcctttattgtctgct^ 
ccgggattggtcttgttattgctggatgtgtgctgcccgcagtg^ 

cccatcatctactcctaccgcgacaaagagatgagcgccaccttcaggcagatcctgtgttgccagcgcaacgagaaccctaatggccccacggaagg 
ctctgaccgctctgcctcctccctcaaccacaccattctggctggagttcacagcaacgaccactctgtggtttagaaggaagcagccggcctctgtggat 

40 ctgtgaaccccaccctaccccccattgccagggcaaggtggggagccagaggagatgaggacactcctgtacttaacactaaccaatggcagtatttgtc 
cctagacccaagagacttgaggatgaatttatttggcaggccccatcttctcctttggaaaacagaaggggaccgtcttgtggtggaattgagaaatggact 
ctggggtgaccgtgtagcattcactaactagacttaaaagattttatgtggtttggcttaagccaggaaaaaaaaatctgctgaattgagtatacaatcgagta 
tacacaggcttcccctttaaagaacaaacaatacattgcatttattaatgagtatgtttatgcctgacagcatgtttgtgatcgaaaagactgctaaactgacat 
agatgagttgtttttttttttttg^tttttgtttttttttacatgatggaggaaaagtataaattagaatgatttttgtgttt^^ 

45 cagtatgcctttctttaaagataaaaggccactattttaaatcttctagggaatagaagaatctagtaaaaaccagtattcatttaggctacaggaaaaaccata 
tcctaatcaattaccttttaattaaagtaatgaaatatacatgaaaggcaaagtaatgtgagcttgtcacccaaagagtgtgtgctctccaaacgctggaggag 
atgaagctgtagcgttgtccctgcatagtgaagatacccacgtgcgttctcagtgccagaccctcagtgggacttgttttaaagcctgtggttttccaagttag 
aaaataatacctacttactatagaaaacttgaaaattgcagaactgtglgaaaaaagaaaaaagaaagaaagattgctgatatacgacctggaagtagccat 
ctttccctgctcacccacgtatgcctatagacatatattatatacctttttttttttttacataatcgggttgatattgtaaaatgttttgtaactttttctttcaga 

50 caggtttttctatggcattttttttcaaaaacgttagcggctatamatattccatttaatggatgcagctcagtttatttagtaccattcctgtattgttgactatgcu 
tggcttttttttcataatattggaagaatcttgtgtatataaaactttgccagtatcattgatgatttacttgggctccattcccatgaaggacctacttttaaaatgtg 
aaatgtcctcatgtgttgtcactttataaaaagggatattctaccctcaaactgcaggggtgaccatgctgacaaaaagctcagaaattacctttttacaaaag 
aaacacagtggctactttagttgcgaatgggttcttgacaagatgtttcccaataacccagacccttaacataactagcaaatttactttagtaggaactggtg 
atccctttctggacacaagaaaacacaaagacatcaagcatcagagtgaatccagcaatgcagtaccaagcagcctgggtggggtgtgctagcaactgg 

55 ctgctgtgtgglctccagcaatcacccaatggacaccctgtgttcagagatgcccagtacagtgtcctggagactaaggtctctaatgtcatgctatgagga 
acaaggaggaagaagaatagtcctgaagcaggtgtggagaggtcaggaggacgtctgagagaaggcagtcctgccaagagtggcattctagggagga 




ggaaggcagggtgtggcttgtgtctggacagtcagtggtaggcatgtgacatttgcctggtggaaaaaaaataagtaggcggagatccagttagcaggac 
aaagattttgctcgaggattcccccaatccaagaaatttaaactggaaatgagtgaaccgaacttggacttttattgattccccttttatgggggaggtaagga 
ctatttgaattgaaaagcatactaattgaaccttaataaatcattctcaatcagtgtttggcgatgtgtggttctggtctgtgctttttttctattttcga 
ggctgtgctgtgatggcttctctctctgaccttctttaacagtctgaggcagcccaacaactgttcctttagctcagatactggttcctcatccatgagattcatg 
5 agagacgtgttacctcaatggaatgagtactagagcaaggtatttagagagattttttttattatttatttatttattttgaataaaatgtatgtataaat^ 
ataaa 

SEQ ID No. 12 

10 MAAASTSSPVISQPQFTAMNEQQCFYNESIAFFYNRSGKYLATEWNTVSKLVMGLGITVCVFIML 
ANLLVMVAIYVNRRFHFPIYYLMANLAAADFFAGLAYFYLMFNTGPNTRRLTVNTWLLRQGLID 
TSLTASVANLLAIAIERHITVFRMQLHTRMSNRRVVVVIVVIWTMAIVMGAMPTVGWNCICD1DH 
CSNMAPLYSDSYLVFWAIFNLVTFVVMVVLYAHIFGYVRQRTMRMSRHSSGPRRNRDTMMSLL 
KTVVIVl^AnVCWTPGLVLLLLDVCCPQCDVLAYEKFFLLLAEFNSAMNPIIYSYRDKEMSATFR 

1 5 QILCCQRNENPNGPTEGSDRS ASSLNHTILAGVHSNDHS V V 



SEQIDNo.13 

20 cccagagataagctgacgctgggcaaacccctgggggaaggttgcttcgggcaagtagtcatggctgaagcagtgggaatcgataaagacaaacccaa 
ggaggcggtcaccgtggcagtgaagatgttgaaagatgatgccacagagaaggacctgtctgatctggtatcagagatggagatgatgaagatgattggg 
aaacataagaacattatcaacctcctgggggcctgcacgcaggatggacctctctacgtcatagttgaatatgcatcgaaaggcaacctccgggaatacct 
ccgagcccggaggccacctggcatggagtactcctatgacattaaccgtgtccccgaggagcagatgaccttcaaggacttggtgtcctgcacctaccag 
ctggctagaggcatggagtacttggcttcccaaaaatgtatccatcgagatttggctgccagaaacgtgttggtaacagaaaacaatgtgatgaagatagca 

25 gactttggcctggccagggatatcaacaacatagactactataaaaagaccacaaatgggcgacttccagtcaagtggatggctcctgaagccctttttgat 
agagtttacactcatcagagcgatgtctggtccttcggggtgttaatgtgggagatctttactttagggggctcaccctacccagggattcccgtggaggaac 
tttttaagctgctcaaagagggacacaggatggacaagcccaccaactgcaccaatgaactgtacatgatgatgagggattgctggcatgctgtaccctca 
cagagacccacattcaagcagttggtcgaagacttggatcgaattctgactctcacaaccaatgaggaatacttggatctcacccagcctctcgaacagtat 
tctcctagttaccccgacacaagtagctcttgttcttcaggggacgattctgtgttttctccagaccccatgccttatgaaccctgtctgcctcagtatccacac 

30 ataaacggcagtgttaaaacatga 

SEQ ID No. 14 

PRDI^TLXJKPLGEGCFGQVVMAEAVGIDKDKPKEA 
35 KMIGKliKNIINLLGACTQDGPLYVIVEYASKGNLREYLRARRPPGMEYSYDINRVPEEQMTFKDL 
VSCTYQLARGMEYLASQKCIHRDLAARNVLVTENNVMKIADFGLARDINNIDYYKKTTNGRLPV 
KWMAPEALroRVYTHQSDVWSFGVLMWEIFTLGGSPYPGIPVEELFKLLKEGHRMDKPTNCTN 
ELYMMMRDCWHAVPSQRPTFKQLVEDLDRILTLTTNEEYLDLTQPLEQYSPSYPDTSSSCSSGDD 
SVFSPDPMPYEPCLPQYPHINGSVKT 

40 

SEQ ID No. 15 

ctcgagtcctcacggcgtgcaccatgagcggcggcgaagtggtttgctcgggatggctccgcaagtcgcccccggagaagaagttgaagcgttatgcgt 
45 ggaagagaaggtggtttgtgttgcgcagtggccgtttgactggagacccggatgtcctggagtattacaaaaacgatcatgccaagaagcctattcggatta 
ttgatttaaatttatgtcagcaagttgatgctgggttgacattcaacaaaaaggagtttgaaaacagctatatctttgatatcaacaccatcgaccggattttcta 
cttggtggcagatagtgaggaagacatgaacaagtgggtccgttgtatctgtgacatctgtggattcaatcccacagaagaagatcctgtgaagccgctga 
ctggctcctcacaagcacccgtcgattcacctttcgctataagtacagcaccagcctccagtcagatggaagcttcttcagtcgcgctacctcctccttacca 
ggtcatcagccttccgccacacccagacaccctcggcctccaggacgatccacaagactacctcttgctgatcaactgtcaaagcaagaagcctgaacct 
50 aacagaaccctctttgactctgccaagcccaccttttctgagacagactgcaatgacaacgtcccttcccaccagactcctgcttcctcccagagcaaaca 
cggaatgaatggctttttgcagcaacaaatgatgtatgactgcccaccgtcccggctgacatctgtctcgggagagtccagcctctataacctgcccagga 
gctattcccatgacgtgttgccaaaggaatccccatcaagcacggaggccgacggggagctgtacacctttaacaccccatctgggactgcaggtgtaga 
aacgcagatgagacatgtatccatcagttacgacattccgccaacacctggcaacacttaccagatcccacggacatttccagaaagcacactgggacag 
tcatcaaagctggacaccattcctgatatccccccacctcggccaccaaagccacatccaagtcatgaccggtctcctgtggaaacgtgtggagtcccac 
55 gcacggcctcggacactgacagcagttactgtatccctcctccagtaggcatgacgccctcccggagtaataccatttccaccgtggatttgaacaagttg 
cggaaagatgctagttctcaagattgctatgatattccacggacctttccgagcgatagatctagttccctggaaggcttccatagccagtataaaatcaaaa 




-58- 



gcgtgttgacagcgggaggtgtctcgggtgaagagctggatgagaactacgttcccatgaaccccaactcgccacctegacaacattccggcagctttac 
cgagccaatccaggagccaaactatgtgccaatgaccccagggacctttgacttttcttcctttggaatgcaagtccctcctcctgctcatatgggcttcagg 
tccagcccaaagacccctcccaggaggccagttcctgttgctgactgtgaaccacccccggtggataggaatctcaagccagacagaaaagtcaagcc 
ggcacctttagacataaaacctctgtcagaatgggaagagctgcaagccccagtcagatctcccatcaccaggagcttcgctcgggactcctctaggtttc 
5 ccatgtcccctcggcctgattctgtgcacagtacgacatcgagcagcgactctcatgacagtgaagagaactatgtccccatgaatccaaatctgtctggc 
gaagacccgaatctctttgccagcaacagccttgatgggggaagcagcccgatgaataaacccaaaggagacaaacaagtcgaatacctggatttagac 
ctagattctgggaagtccacgccaccacggaagcaaaagagcagtggttctggcagcagcatggcagacgagagggtggattacgttgtggtggacca 
acagaagactctggccctgaagagtaccagagaagcttggacggatgggaggcagtccacagagtccgagacacccacaaagaatgtgaagtgaaga 
catgccgtcgcctctgcgggaagacgagatctgagtggaaagagagatgccaagtgaagatgttcccactctcagtggagcctcgagcagaggggaag 
10 agagaaggatctctcacacatgttcaagcaaattaggttgtgaatggtgctgtgtggtattggatttataacgtgtaaataacccggggaaatagtgtttt 

cacagagaagctttctgtccctaattaacacacctgtagtattactatactgatgcacgttttcatttaaaaccttggtttgggtcttcccgatctaccttaacaga 
ctttccttgggaggtcttttggcctcctcacactactctatataacaatactaagtgaactgagctacttgtaattctggaaattccagttgaagctacagggcta 
acaccattaaaacaagaagtaagttgacacattcgcttttctcttgaaggtggtagccattagcttaagctgtagaacatagttggccg 

15 SEQIDNo.16 

MSGGEVVCSGWLRKSPPEKKI.KRYAWKJ^RWFVLRSGRLTGDPDVLEYYKNDHAKKPIRIIDLN 
LCQQVDAGLTFNKKEFENSYIFDINTIDRIFYLVADSEEDMNKWVRCICDICGFNPTEEDPVKPLT 
GSSQAPVDSPFAISTAPASSQMEASSVALPPPYQVISLPPHPDTLGLQDDPQDYLLLINCQSKKPEP 

20 NRTLFDSAKPTFSETDCNDNVPSHQTPASSQSKHGMNGFLQQQMMYDCPPSRLTSVSGESSLYN 
LPRSYSHDVLPKESPSSTEADGELYTFNTPSGTAGVETQMRHVSISYDIPPTPGNTYQIPRTFPEST 
LGQSSKLDTIPDIPPPRPPKPHPSHDRSPVETCGVPRTASDTDSSYCIPPPVGMTPSRSNTISTVDLN 
KLRKDASSQDCYDIPRTFPSDRSSSLEGFHSQYKIKSVLTAGGVSGEELDENYVPMNPNSPPRQHS 
GSFTEPIQEPNYVPMTPGTFDFSSFGMQVPPPAHMGFRSSPKTPPRRPVPVADCEPPPVDRNLKPD 

25 RKVKPAPLDIKPLSEWEELQAPVRSPITRSFARDSSRFPMSPRPDSVHSTTSSSDSHDSEENYVPM 
NPNLSGEDPNLFASNSLDGGSSPMNKPKGDKQVEYLDLDLDSGKSTPPRKQKSSGSGSSMADER 
VDYVVVDQQKTLALKSTREAWTDGRQSTESETPTKNVK 

30 SEQIDNo.17 

gtcgacccacgcgtccgggcggcggctgcgggtggtggacctgcagacggccgtcgcccacacctcgctctctcctgggccggcggatccttttgtctc 
tccgagcggcgaaggtcgcagagcaggcgcggcggctgcgggacgcaaacgcccgctctctcggtcacctccccagcctcggccaccgcagaactt 
gggctcgagaagccagcggaccgcgtccagctccagagccggtttagtctccactgccagctgccatgggcaagcagaacagcaagctgcgtcctga 

35 ggtgctgcaggacctgcgggaacacacggaattcaccgaccatgagcttcaggagtggtacaagggcttcctcaaggactgccccactggccacctga 
ctgtggacgagttcaagaagatctacgccaacttcttcccctacggcgatgcctccaagttcgctgaacacgtcttccgcaccttcgacaccaacagcgat 
ggcaccatcgacttccgggagttcatcattgctctgagtgtgacctctcggggcaagctggaacagaagctcaagtgggcctttagcatgtacgacctgga 
cggcaatggctacatcagccgcagtgaaatgctggagatagtgcaggccatctacaagatggtgtcctccgtgatgaagatgcctgaggacgagtccac 
gcccgagaagcgaacagacaagatcttcaggcagatggacacaaacaatgatggcaaactgtccctggaagaattcatcaaaggtgccaagagcgacc 

40 catccattgtccggttgctgcagtgtgatcccagcagtgctagccagttctgaggggaatgggcttttggacatttgtgagaaacacaggcttggcctgccat 
cttcagctttgcttgtaaaagtggatttctccgtgatctctcctgctctcccaggacctgggtccaggcagcaatcgcaccctcctgacctggccaactgtgg 
cttcctcctcctccagtccaggctggctccttccaatggttcaagtgttctcggctgtcgggctccttcctgcccacagagggcctggcggcccttaaggac 
accagacaggacttttcagtatcttaccaagaccagctaatttattctatgatcccaggtgactttgtgaggatgaaaaagatggagagtagacaggcaagc 
ccttcctgtgcatggctccacctcccttgttcattttctctgaccaaagccgcttgcatgtatataccgtggtatccttacttttaatatatgagttattt^ 

45 agatggactataatgttcagcccctgtatttaatgcctctgactgcctttgaagcatggtcccctgtggcctgtgattccccccacccccaagtctggctgtgct 
gtggtatttatgcattcatgatttgcctgattccacaggagatacatgcatgcccagggctgtggacatctgccctccgtcctgtaaatgcaggtgtttctgtgt 
gctctgtccttcctgtcgattggtatggcatattaaaatgatcaaat 



50 



55 



SEQIDNo.18 

MGKQNSKLRPEVLQDLREHTEFTDHELQEWYKGFLKDCPTGHLTVDEFKKIYANFFPYGDASKF 
AEHVFRTFDTNSDGTIDFREFIIALSVTSRGKLEQKLKWAFSMYDLDGNGYISRSEMLEIVQAIYK 
MVSSVMKMPEDESTPEKRTDKIFRQMDTNNDGKLSLEEFIKGAKSDPSIVRLLQCDPSSASQF 



SEQ ID No. 19 




ggatgagacagaaggatagagaggaggagagagagagagagaagagaagcaaccagaaataggcagccaataaaaaggagccgcacttatctgaa 
gcctcaaggggcctgagccaggtccctgtttgatggcagttatgaaaaattacctcctcccgatcctggtgctctccctggcctactactactattctacaaat 
gaagagttcagaccagaaatgctccagggaaagaaagtgattgtcactggggccagcaaagggattggaagagaaatggcatatcatctgtcaaaaatg 
5 ggagcccatgtggtattgactgccaggtcggaggaaggtctccagaaggtagtgtctcgctgccttgaactcggagcagcctctgctcactacattgctgg 
cactatggaagacatgacatttgcggagcaatttattgtcaaggcgggaaagctcatgggcggactggacatgcttattctaaaccacatcactcagacctc 
gctgtctctcttccatgacgacatccactctgtgcgaagagtcatggaggtcaacttcctcagctacgtggtcatgagcacagccgccttgcccatgctgaa 
gcagagcaatggcagcattgccgtcatctcctccttggctgggaaaatgacccagcctatgattgctccctactctgcaagcaagtttgctctggatgggttc 
ttttccaccattagaacagaactctacataaccaaggtcaacgtgtccatcactctctgtgtccttggcctcatagacacagaaacagctatgaaggaaatct 

10 ctgggataattgacgccctagcttctcccaaggaggagtgcgccctggagatcatcaaaggcacagctctacgcaaaagcgaggtgtactatgacaaatt 
gcctttgactccaatcctgcttgggaacccaggaaggaagatcatggaatttttttcattacgatattataataaggacatgtttgtaagtaactaggaactcct 
gagccctggtgagtggtcttagaacagtcctgcctcatacttcagtaagccctacccacaaaagtatctttccagagatacacaaattttggggtacacctca 
tcatgagaaattcttgcaacacttgcacagtgaaaatgtaattgtaataaatgtcacaaaccactttgggcctgcagttgtgaacttgattgtaactatgga 
aacacatagtggttgtatcggctttacctcacactgaatgaaacaatgataactaatgtaacattaaatataataaaggtaatatcaacttcgtaaatgcaaaa 

1 5 aaaaaaaaaaaaaaaaaaaaaaa 

SEQ ID No.20 

MAVMKNYLLPrLVLSLAYYYYSTNEEFRPEMLQGKKVIVTGASKGIGREMAYHLSKMGAHVVL 
20 TARSEEGLQKVVSRCLELGAASAHYIAGTMEDMTFAEQFIVKAGKLMGGLDMLILNHITQTSLSL 
FHDDIHSVRRVMEVNFLSYVVMSTAALPMLKQSNGSIAVISSLAGKMTQPMIAPYSASKFALDGF 
FSTIRTELYITKVNVSITLCVLGL1DTETAMKEISGIIDALASPKEECALEIIKGTALRKSEVYYDKLP 
LTPILLGNPGRKIMEFFSLRYYNKDMFVSN 

25 

SEQ ID No.21 

ggagatcaggccaccacgagacagagatggagaccagcagcctgtggcccccgaggcccagccccagtgcagggctgagcctggaggcgcggctg 
ggcgtggacactcgcctctgggccaaggtgctgttcaccgcgctctattcgctcatcttcgcgcttggcacagccggcaatgcgctgtccgtgcacgtggt 

30 gctgaaggcgcggacgggtcgccccgggcgcctgcgctaccacgtgctcagcctggcactgtcagccctgctgctactgctgatcagcgtgcccatgg 
agctctacaacttcgtgtggtcccactacccctgggtcttcggcgatctcggctgtcgtggctattacttcgtgcgcgagctgtgcgcctacgccacggtgct 
gagcgtggccagcctgagcgcagagcgctgcctggccgtgtgccagccgctgcgcgcccgccgcctgctcaccccgcgccgcacctgccgcctgctg 
tcactggtctgggtcgcctctctgggccttgccctgcccatggcggttatcatgggacagaagcacgaaatggagagggccgacggggagcctgagcct 
gcctcgcgtgtgtgcacggtgctagtaagtcgcgccagctccaggtctacattccaggtgaaacgtgctggtctccttcgttctcccctttgggaactcactg 

35 ctattctgaatgggatcactgtcaaccacctggtggccctctactcccaggtaccatcagcttctgcccaagtcaactccatccccagccgcctggagctcc 
tgagtgaggaaggcctcctgggcttcatcacatggagaaagaccctctccctgggggtccaagccagcctggtgagacacaaggatgccagccagatc 
cgcagcctccagcacagcgcccaggttctcagagccatcgtggctgtgtatgtcatctgctggctgccgtaccatgcccgcaggctcatgtactgctacat 
ccccgatgatggatggactgatgagctctatgacttctatcactatttctacatggtgaccaacacgctcttctatgtcagctcggcagtgaccccagtcctct 
acaatgccgtgtcttcctccttcagaaagctctttctggaatctctcagttccctgtgtggtgaacagcgctccgtggtgcccttaccccaagaagccccaga 

40 gtcaactactagtacgtacagtttccggctttggggatccccaagaaaccccagcctgggtgaaatacaagtgtgaagagaacaaacaatggctgcttgg 
gacacacccatcagataagccatgccattactaacagtctaagcggacctactgacccagcgcagtcattgaccagtgcatactgcaggcaagccacgt 
aacacctcctgccctcagcttcccacctgtgcaaccaaggtgtagaataggacaaattgcctagtgatgaaggtgcccagtgccagcctggtacagaacc 
agtactccataaattttagctggtgctatttttaaaaaaaaaaaaaaaaaa 

45 SEQ ID No.22 

METSSLWPPRPSPSAGLSLEARLGVDTRLWAKVLFTALYSLIFALGTAGNALSVHVVLKARTGRP 
GRLRYHVLSLALSALLLLLISVPMELYNFVWSHYPWVFGDLGCRGYYFVRELCAYATVLSVASL 
SAERCLAVCQPLRARRLLTPRRTCRLLSLVWVASLGLALPMAVIMGQKHEMERADGEPEPASRV 
50 CTVLVSRASSRSTFQVKRAGLLRSPLWELTAILNGITVNHLVALYSQVPSASAQVNSIPSRLELLSE 
EGLLGFITWRKTLSLGVQASLVRHKDASQIRSLQHSAQVLRAIVAVYVICWLPYHARRLMYCYIP 
DDGWTDELYDFYHYFYMVTNTLFYVSSAVTPVLYNAVSSSFRKLFLESLSSLCGEQRSVVPLPQE 
APESTTSTYSFRLWGSPRNPSLGEIQV 

55 

SEQ ID No.23 




ggcgctcgccctcgctcgccatggagaagaccgagctgatccagaaggccaagctggccgagcaggccgagcgctacgacgacatggccacctgca 
tgaaagccgtgacggagcagggcgccgagctgtccaacgaggagcgcaacctgctgtcggtggcctacaaaaacgtggtagggggccgcaggtccg 
cctggagggtcatctcgagcattgagcagaagaccgacacctctgacaagaagttgcagctgatcaaggactatcgggagaaagtggagtcggagctg 
5 aggtccatctgcaccacggtcctggaattgttggataagtatttaatagccaatgcaactaatccagagagtaaggtcttctatctgaaaatgaagggagatt 
atttccggtatcttgctgaagtagcttgtggcgatgatcgaaaacaaacaatagaaaattcccaaggagcctaccaagaggcgtttgatataagcaagaag 
gagatgcagcctacgcatccaatccgcctggggctggctcttaacttttctgtattttactatgagatccttaataatccagagcttgcctgcacactggctaaa 
acggcttttgatgaggccatcgcagagcttgatacactgaacgaagactcctacaaagacagcaccctcatcatgcagttgcttagagacaacttaacatta 
tggacatcagacagtgcaggagaagaatgtgatgcagcagagggggccgaaaactaaacc 

10 

SEQ ID No. 24 

MEKTELIQKAKLAEQAERYDDMATCMKAVTEQGAELSNEERNLLSVAYKNVVGGRRSAWRVI 
SSIEQKTDTSDKKLQLIKDYREKVESELRSICTTVLELLDKYLIANATNPESKVFYLKMKGDYFRY 
15 LAEVACGDDRKQTIENSQGAYQEAFDISKKEMQPTHPIRLGLALNFSVFYYEILNNPELACTLAK 
TAFDEAIAELDTLNEDSYKDSTLIMQLLRDNLTLWTSDSAGEECDAAEGAEN 



SEQ ID No.25 

20 

tttttttttttttttttcccatcccctgctggctttattactgggcaggggaaacagatccttggcagtggtaggactgagagtacaagagttggaagccctg^ 
ctcagctttcactaggcagggtgggcacactagcaagtgcagagaggaggcctgtatatatgtcaaccccacggagaaatatatcctcatgcagccgttc 
attatggtcatgtagcaggacaggtgtgcggttcatgggcgagaagcccagagctgggatccccaccgcccggataaagcggctgtcagtggcagcag 
gaaagatctctggctccagagtgaggttcattgccttgcaggctccgctgaaagctgcccaccagggatctgaatcatccgtgggtgtcattcgaggctctg 
25 taaacttctga 

SEQ ID No.26 

gccatcaatgctttattccttcatctctgtcctgtccaacactagtgaacacacacctctggctcattaaggaagtgacatgcagatgagcaactaggataga 
30 aacatcattcacacactctttctcaggtgttcctccggtgcacactcacacgagtttgcacatactataagcctgaataatgatgcccattatctgcacagggt 
aaaactgattccatactggtgcaacctggtggaagtcttcaggacacttaacaaaattatattctgattattcattttctagatttggggatgaaaatagaaaaga 
atataaacaaagcatgctttttgaggtttcttgggtcagttagtagaaaaataggtgttttctttgagaggttttmaattgtttatcttatttta^ 
ctgtgaaactggaattcctgaggttttttttttccccacttcatcagtctttaagagagtggtaggctttggcagtcccgctgttgacaaagtctgttttcttaaact 
gagccttcttataggcgtgatgcagctctgtatgtgcccacagagagtaaaggaggacagaagctgctttgcttgccttngtggggcatagcctttccctatg 
35 ctgatgtcatattttctgcaaaacctcgggtccagagggctcgtgcattctggtaactattttgcattaaatgttcaac 

SEQ ID No.27 

gtgacaggacgcctcccccacacccatattctaagctttatcttctagtagcctgagggctggagagaggtagtttctgccggattgtgtcatctggagtcgtt 
40 cctgtggcctcctttttctctggtttttgcattttttcttggtccgatgaaagcatttcctttttctaaccaataaagtgatcgctttcagcaatgg 

SEQ ID No.28 

agcaatgaatgtggaacatgaagttaacctcctggtggaggaaattcatcgcctgggttccagaaatgctgatggaaaattaagtgtgaagtttggggtcct 
45 cttccaggatgacagatgtgccaatctctttgaagcgttggtaggaactctgaaagctgcaaaacgaaggaagattgttacatacgcaggggaactactttt 
gcaaggtgttcatgatgatgttgacattgtattgctgcaagattaatgtggtttgcatggcttggtgtatctgataaactggaataactaagttaagagacm 
tgaatttccttatgtatttttatagaactttgtaaacaaaggggggcttgttgagaagtcctgtttttataccttgaagcaaaacattacaatgtaaaatgagacaa 
acctattatttttcttaagaaggtaatttgggaaatgtaggtaatgaaacatttttgggaggtgtgaaaaagc 

50 SEQ ID No.29 

attggtgcatgtgtgtttgctagctcacttgtccatgagaatattttatgatattaaagaaaaccttttgaaatggctgcttttcaaagaagataattcatggcttct 
catttttcagtctcttcaaaagtgtggctggcctgttttatgactgcagagttgttatgttttttaattttgaatattgcctattaaagataggacaaacttggagatta 
tgatgttgcttggcacagactgtattaaaacaacactcccgtga 

55 

SEQ ID No.30 




ctggcacggacatggctgtcttctgtctgctgtgtgggaaacgctttcaggcacaaagcgcactccagcagcacatggaggtccacgcaggcgtgcgca 
gctatatttgcagtgagtgcaaccgcaccttccccagccacacggctctcaagcgccaccttcgctcacatacaggtttttttctccatgtgtcaccaagtga 
agtttgtgccttctatagcaaagagaatattttttacatcctactaacag 
5 gatgttcagttgtataccttgaatctgcagttagaagagaataaagttaactc 

SEQIDNo.31 

tttttttttttttttttgcaagagtaaaagtctttaatttactgtgcacctcagaaagctacaagtaaaatgtttgtaagaatatacacaaagaattcagagt^ 
10 ttctccatgtaattagtagtcatattaatattagaactacagtagaaaaaaatagctgtctcctagattctcccaggagcctaactgtgtggctttgagaaggtg 
gagttgttctgagtgagcgggaagtcaagctcactcctccagttctcccagcagctccacgaagtcagtgatgtaccacttggcgttgtccttaacctgctgc 
ctgatcacattgcctccaaagccaatgaaagcatcag 

SEQ ID No.32 

15 

ggggcgggacgacggcgggcgctgcccggcgcactagccggcttgcgggcgctgccagtctccggcggcggtgtccggcgcgcggctgagcgacc 
gagcgtgcggacggagcggcggcctgctgggcgggctgagcggcgcgcgcggcggcggagagacgcggagcgagggacgcggcggcggcgga 
cgcggcgacaggtcttctacttacaaaggacaatgactactgatgagggcaccagtaacaatggagagaacccagcagccaccatgactgagcagggt 
gaagatatcactacgaagaaagacagaggagtattaaagattgtcaaaagagtggggactagtgacgaggccccaatgtttggtgacaaagtttatgtcca 
20 ctacaaagggatgttgtcagatggaaagaagtttgattccagtcatgacagaaagaagccatttgcctttagccttggccaaggccaggttatcaaagcctg 
ggacattggggtgtctactatgaagaaaggcgagatctgccatttattatgtaaaccagaatatgcttatggctcggctggccacctccaaaaaattccatca 
aatgcaactctcttttttgagattgagctccttgattt^^ 

tcaaacccaaacgaaggagcaacggtaaaagtccacctggaaggctgctgtggtggaaggacatttgattgccgagatgtggtgttcgttgttggggaag 
gagaagaccacgacattccgattgggatcgacaaagccctggtgaagatgcagagagaagaacagtgtattctatatcttggaccacgctatggttttgga 

25 gaagccgggaagcctaagtttggcattgaccccaatgctgagcttatgtacgaggtcacccttaagagcttcgagaaggccaaagaatcttgggagatgg 
acaccaaagaaaagctgacgcaggctgccatcgtgaaagagaagggaactgtgtacttcaagggaggcaagtacacgcaggccgtgattcagtacagg 
aagatagtgtcctggctggagatggaatacggcctgtcagagaaggagtccaaagcctcagagtcgttcctcctcgcagccttcctgaacctggccatgtg 
ctacctgaagctccgagagtacaacaaagccgtggagtgctgcgacaaggcccttggactggacagtgccaatgagaaaggcttgtacagaaggggcg 
aggcccagctgctcatgaatgactttgagtcggccaagggcgacttcgagaaggtgttggcagtcaatcctcagaacagggccgctcgcctgcagatctc 

30 catgtgccagaggaaggcgaaggagcacaacgagcgggaccgcagggtgtacgccaacatgttcaagaagttcgcagagcgggacgcaaaggagg 
aagccagcaaagctgggagcaagaaggctgtagaaggagccgctggcaaacaacacgagagtcaggccatggaagaaggaaaggccaaaggccat 
gtatgacgctgcgccacggagggaagagagtcctaatgaactcggccctcctcgctgggctcgcctccaactcaggactgaacagtgtttagtgtaaggtt 
tgttacagtctctgtgattctggaagcaaatggcataccagtagcttcccaaatgaccacctgctgctgcgggggggtgggggtgggggacatgccagga 
aacagcagagaaggccgctggtgtgaagagaccaggccagcagctcagtccagcccatttcagtttgtcacctttcagtgtccagcacagcatccctgtg 

35 aacctagggcccagctgctgtgggttctacatcggcactagggtcacactgcagaaaccgttgataaaacaaactcagtgatctctgctttcctattggtgg 
gcatggcaggggcgggtgatgagatttgcttagcactgactgactggcctgctaagaacacaagcccacagccaggggctccctggtccacagctgggt 
ctcaggccccttacctgccttccaagtcctttcgcagactcttgagtgtggctttctgtcctagccagcatgtcccacagactctgttgttcctccaacgcccgt 
cattagtgacagctttctctctgagtttctgtggtgtggagagtgggtagaagtaggtttatctttcccgctgtctgccccactcaaggacgat 

40 SEQ ID No.33 

MTTDEGTSNNGENPAATMTEQGEDITTKKDRGVLKIVKRVGTSDEAPMFGDKVYVHYKGMLS 
DGKKFDSSHDRKKPFAFSLGQGQVIKAWDIGVSTMKKGEICHLLCKPEYAYGSAGHLQKIPSNA 
TLFFEIELLDFKGEDLFEDSGVIRRIKRKGEGYSNPNEGATVKVHLEGCCGGRTFDCRDVVFVVG 
45 EGEDHDIPIGIDKALVKMQREEQCILYLGPRYGFGEAGKPKFGIDPNAELMYEVTLKSFEKAKES 
WEMDTKEKLTQAAIVKEKGTVYFKGGKYTQAVIQYRKIVSWLEMEYGLSEKESKASESFLLAAF 
LNLAMCYLKLREYNKAVECCDKALGLDSANEKGLYRRGEAQLLMNDFESAKGDFEKVLAVNP 
QNRAARLQISMCQRKAKEHNERDRRVYANMFKKFAERDAKEEASKAGSKKAVEGAAGKQHES 
QAMEEGKAKGHV 

50 

SEQ ID No.34 

atggcgtggtccaggctgatgctggcagcttgcctcctcgtgatgccctctaatgttatggcggactgcctgtccctgtgctccctgtgtgcagtgaggattc 
55 aggatgggccccglcccatcaaccccctgatttgctccctggagtgccaggacctggtgccgccctcagaggagtgggagacatgccggggcttctcat 
cttttctcaccctgacggtctctgggctccgtggcaaggatgacttggaagatgaggttgctttggaagaaggcatcagtgcacatgccaagctcttggaac 



-62- 



ccgtcctgaaggagctggagaaaagccgactccttaccagcgtcccagaggaaaagttcaggggtctctccagcagctttggcaacggaaaagaatctg 
agctggcgggtgctgaccggatgaatgatgaagccgcacaggggcgcaccgtccattttaatgaggaggacttgagaaaacaggccaaacgctatggc 
ggctttttgcgcaaataccccaagaggagttccgagatggcccgggatgaggacgggggccaggatggggatcaggtagggcatgaggacctgtacaa 
acgctatgggggcttcctgcggcgcattcgccccaagctgaagtgggacaaccagaagcgctatggtggtttcctgcggcgtcagttcaaggtggtgacg 
5 cggtcccaggagaaccccaatacctattctgaagatttagatgtttga 

SEQ ID No.35 

MAWSRLMLAACLLVMPSNVMADCLSLCSLCAVRIQDGPRPINPLICSLECQDLVPPSEEWETCRG 
10 FSSFLTLTVSGLRGKDDLEDEVALEEGISAHAKLLEPVLKELEKSRLLTSVPEEKFRGLSSSFGNGK 
ESELAGADRMNDEAAQGRTVHFNEEDLRKQAKRYGGFLRKYPKRSSEMARDEDGGQDGDQVG 
HEDLYKRYGGFLRRIRPKLKWDNQKRYGGFLRRQFKVVTRSQENPNTYSEDLDV 

15 SEQIDNo.36 

gacagggcgccctcggaaggacaggatgtcatcaggaaaacaggactccccgtgggaagataggatacctccaggaagatagaatagtcccaggcat 
cactagaacagcaggaaacactagggtccaagctctcattgaggcacccggggaggttgttgggttgtgggcggggctcaggaaagactgtccctgctg 
gtcctgatccacgaccacccacccggcaaggttctctctaagagaaccttgtcagagacagaacgggtccctacaggcgcgttcttctctcctacagccca 

20 tggcgcggttcctgaggctttgcacctggctgctggcgcttgggtcctgcctcctggctacagtgcaggcggaatgcagccaggactgcgctaaatgcac 
gtaccgcctggttcgcccaggcgacatcaatttcctggcgtgcacactggaatgtgaaggtcagctgccttctttcaaaatctgggagacctgcaaggatct 
cctgcaggtgtccaggcccgagttcccttgggataacatcgacatgtacaaagacagcagcaaacaggatgagagccacttgctagccaagaagtacgg 
aggcttcatgaaacggtacggaggcttcatgaagaagatggacgagctatatcccatggagccagaagaagaagcgaacggaggagagatccttgcca 
agaggtatggcggcttcatgaagaaggatgcagatgagggagacaccttggccaactcctccgatctgctgaaagagctactgggaacgggagacaac 

25 cgtgcgaaagacagccaccaacaagagagcaccaacaatgacgaagacatgagcagcaagaggtatgggggcttcatgagaagcctcaaaagaagc 
ccccaactggaagatgaagcaaaagagctgcagaagcgctacgggggcttcatgagaagggtgggacgccccgagtggtggatggactaccagaag 
aggtatgggggcttcctgaagcgctttgctgagtctctgccctccgatgaagaaggcgaaaattactcgaaagaagttcctgagatagagaaaagatacgg 
gggctttatgcggttctgaagcccttttccagcagtgaccccgacccccactagcctgctccatcccccatgagcaactgccttgtcaatgatgtttcttgtca 
catgctgctttgtgctgtacagttgcccccgtggtctagata^^ 

30 gtctcttatggctatgttgttatcaatagtttgttacctcatctctcctgacgaaacatcaataaatgcttatttgtatataaatataataaacccgtgaccccaa 

SEQ ID No.37 

35 MARFLRLCTWLLALGSCLLATVQAECSQDCAKCTYRLVRPGDINFLACTLECEGQLPSFKIWETC 
KDLLQVSRPEFPWDN1DMYKDSSKQDESHLLAKKYGGFMKJIYGGFMKKJVIDELYPMEPEEEAN 
GGEILAKRYGGFMKKDADEGDTLANSSDLLKELLGTGDNRAKDSHQQESTNNDEDMSSKRYGG 
FMRSLKRSPQLEDEAKELQKRYGGFMRRVGRPEWWMDYQKRYGGFLKRFAESLPSDEEGENYS 
KEVPEIEKRYGGFMRF 

40 

SEQ ID No.38 

acccacgcgtccggccggtttcactgctcccctcagtctcttttgggctctttccgggcatcgggacgatgaccgtcaaagccgaggctgctcgaagcacc 
45 cttacctactccagaatgaggggaatggtagcgattctcatcgcttttatgaaacagagaaggatgggcctgaacgattttattcagaagattgccagcaac 
acctatgcatgcaaacacgctgaagttcagtccattttgaaaatgtcccatcctcaggagccggagcttatgaacgctaacccctctcctccgccaagtccc 
tctcaacaaatcaacctgggtccgtcctccaaccctcacgccaaaccctccgactttcacttcttgaaagtgatcggaaagggcagttttggaaaggttcttc 
tggctaggcacaaggcagaagaagtattctatgcagtcaaagttttacagaagaaagccatcctgaagaagaaagaggagaagcatattatgtcagagcg 
gaatgttctgttgaagaatgtgaagcaccctttcctggtgggccttc^^ 
50 agagctgttctaccatctccagagggagcgctgcttcctggaaccacgggctcgattctacgcagctgaaatagccagtgccttgggctatctgcactccct 
aaacatcgtttatagagacttaaaacctgagaatattctcctagactcccaggggcacatcgtcctcactgactttgggctctgcaaagagaatattgagcat 
aacgggacaacatctaccttctgtggcacgcctgagtatctggctcctgaggtcctccataagcagccgtatgaccggacggtggactggtggtgtcttgg 
ggctgtcctgtatgagatgctctacggcctgcccccgttttatagccggaacacggctgagatgtacgacaatattctgaacaagcctctccagttgaaacc 
aaatattacaaactcggcaaggcacctcctggaaggcctcctgcagaaggaccggaccaagaggctgggtgccaaggatgactttatggagattaagag 
55 tcatattttcttctctttaattaactgggatgatctcatcaataagaagattacacccccatttaacccaaatgtgagtgggcccagtgaccttcggcactttgatc 
ccgagtttaccgaggagccggtccccagctccatcggcaggtcccctgacagcatccttgtcacggccagtgtgaaggaagcagcagaagccttcctcg 




gcttctcctatgcacctcctgtggattccttcctctgagtgctcccgggatggttctgaaggacttcctcagcgtttcctaaagtgttttccttaccctttggtgg^ 
ggttgccagctgacagaacattttaaaagaatttgcacacctggaagcttggcagtctcgcctgcccggcgtggcgcgacgcagcgcgcgctgcttgatg 
ggagctttccgaagagcacaccctcctctcaatgagcttgtgaggtcttcttttcttctcttccttccaacgtggtgctagctccaggcgagcgagcgtgaga 
gtgccgcctgagacagacaccttggtctcagttagaaggaagatgcaggtctaagaggaatccccgcagtctgtctgagctgtgatcaagaatattctgca 
5 atgtgccttttctgagatcgtgttagctccaaagct^ 

tgtgcagtggcgtgagtgtgctatgcctgatcacagacggttttgttgtgagcatcaatgtgacacttgcaggacactacaatgtgggacattgt 

cacatttggaagataaatttatgtgtagactgttttgtaagatatagttaauactaaaacctattgaaacggtcttgcaatgacgagcattcagatgctto 

aagcattgctgctacaaatatttctamttagaaagggtttttatggaccaat^^ 

aaaacgggcattatttatgttttttttccctttgttcatattcttttgcattcctgattattgtatgtatcgtgtaaaggaagtctgtacattgggttataa^ 
10 ttaaacttacaggcttatttgtaaaccatcattttaatgtactgtaattaacatgggttataatatgtacaattcctcctccttaccacacaactttttttgtgtgcg 
aaaccaattttggtttgcaataaaatcttgaaacct 

SEQ ID No.39 

15 MTVKAEAARSTLTYSRMRGMVAILIAFMKQRRMGLNDFIQKIASNTYACKHAEVQSILKMSHPQ 
EPELMNANPSPPPSPSQQINLGPSSNPHAKPSDFHFLKVIGKGSFGKVLLARHKAEEVFYAVKVL 
QKKAILKKKEEKHIMSERNVLLKNVKHPFLVGLHFSFQTADKLYFVLDYINGGELFYHLQRERCF 
LEPRARFYAAEIASALGYLHSLNIVYRDLKPENILLDSQGHIVLTDFGLCKEN1EHNGTTSTFCGTP 
EYLAPEVLHKQPYDRTVDWWCLGAVLYEMLYGLPPFYSRNTAEMYDNILNKPLQLKPNITNSA 

20 RHLLEGLLQKDRTKRLGAKDDFMEIKSHIFFSLINWDDLINKKITPPFNPNVSGPSDLRHFDPEFTE 
EPVPSSIGRSPDSILVTASVKEAAEAFLGFSYAPPVDSFL 



SEQ ID No.40 

25 

gaagcagaagagggagaacgagggtgagcacgctgggcagccgtgcgtgcgctcctctctgcgccacaggctcgcccaacgaagcacaagccagc 
agggtcgcggtcctgaggacatcgctgccacccaggagtgcagagaaccaaccacagaatctggaggtcggtagcagccccgatctaggcaggctcg 
gagccagggggggtgccgaggaagaaccggaaagcagatcccagactctgaaggagaaagaagagtggatccctgagccggcacgtctcgagccc 
cagagctcccaggatctcctggatagctggcttcgccgccggacggcacgccccccttagcttccacaccctctcctctgagcgcctcctcatctgcccct 

30 ggagggactttcaccttcaaaggtgcaggacaaagccgcatatctggcgcccaccatgcacctcaacagctccgtgcagcagggagccccaagtgaac 
ccggtgcccagcccttcccacatccacagttcggactggagacgatgctcctggcgctcagcttgagcaatggttctggcaattcctcagaatccatcctg 
gagcccaacagcaacctggacgtgaacactgacatttattccaaggtgctggtgaccgctgtatacctggcactttttgtggtgggcactgtgggcaactcg 
gtgacagccttcactctagcgcggaagaagtcgctgcagagcctgcagagcactgtgcattaccacctgggtagcctggcactgtctgacctgctcatcct 
gctgctggccatgcccgtggagctgtacaacttcatctgggtgcaccatccctgggcctttggggatgctggctgccgtggctactatttcctgcgagatgc 

35 ctgcacctatgccacagccctcaatgtagccagcctgagtgtggagcgctacttggccatctgccatcccttcaaggccaagaccctcatgtcccgcagc 
cgcaccaagaaattcatcagtgccatatggctagcctcggcgctgctggctgtacccatgcttttcaccatgggcctgcagaaccgcagtgccgatggcc 
agcaccctggtggcctggtgtgcacacccacggtggacacagccaccgtcaaggtcgtcatccaggttaacaccttcatgtccttcctgtttcccatgctga 
tcatctccatcctaaacactgtgatagccaacaaactgaccgtcatggtgcaccaggctgccgagcagggccgtggtgtgtgcaccgtgggcacccaca 
acagtttagagcacagcacgttcaacatgtccatcgagccaggccgtgtccaggccctgcgccatggagtcctcgtcttacgtgctgtggtaatcgcctttg 

40 tggtctgctggctgccctaccacgtgcggcgcctcatgttctgctatatctcagatgaacagtggactacgttcctcttcgacttctaccactatttctatatgct 
gaccaacgctctcttctacgtcagctcagccatcaatcccatcctttacaacctcgtctccgccaacttccgccaggtcttcctgtccacactggcttgcctct 
gtcctgggtggcgccgccgccgaaagaagaggccaacgttctccaggaagccaaacagcatgtccagcaaccatgcgttttccaccagcgccacccg 
ggaaaccctgtactaggccatgaggaggtagcctgtgcacagggcagcaactcccccaaccccccacccccaccccaaagcctcccaaggttaagta 
gtggcccatctaagccatgccggtgaggctggggcaccctcagcggaggcttctttcttcccagtttctctttcttcccttcctctggttctcccctccctagtc 

45 ctttattcttgccccttatccctctcctacctccacctttaaaaacagaaaagaggcggtttctctcctggccctacaaaaggcctttaacaagaagaaattag 
cactcaccaaggacggtctcctttgttcccagactaatggatgttttagaagcaagaaatgaaagcaccacattgggcctggacagatgagctgttgtaacc 
ataacagcaccttggaactgcactggcagggcgagacagtgtctgatgttggacttgggttcagagacacaggctccatctcagcccctttatgcctctact 
cctgccctggtccagcagataccatagcactctctgagccttatgtccagaccctttcttggcaggctggtacactgcccttcccagagtggtccagagaag 
ccccaaaattactgtgtaaggtccagggcccacagctggaagctgtgggaatccatgccacacctggatggctatggcccactaaagagaccccaattcc 

50 cacatgcccaggaaggataaaagggctggcctggaatcaacacaggacaagcttcaagtggctttgcacggggaccttcacctcttggatctgcagaag 
gatggaagataagtggggtccagcctccccagtccaggtggctttgctggggacatgcatggttctgcgtctcatatacagatgtatagactaaggtctgac 
agcagctggcttcaggctgggacttctgagaaggggcactgagccaggtcctcagcaagatgccagtgtctgagactccacaggtaaggggaggccaa 
gcaccccagcatctagctggccagcagccctggactgaggcatatgtcaatttgttaaccagccgccaagcagccaccctggcccaggttctaggcgcc 
tggaaaagcaggcacccttcatctctgggagctgtctccaaacaagacaggcccattcagcctccagccaacaagctggctgggcacttggagacagtc 

55 ccaggatgccatgcaccaacaaggtagaagtagcaggagagtcaagtgtagccttttgcaaaagagccttagctctgttgtctgggagagagatggctgg 
acatgcagctgctctgtaaggatgaaattgccacgggacatgggaggctcagtcacagcccaggctagcctctgctccctctgaactataaaacaatggg 




tgaaaa^gtcagggtatctgtggtcacccagagaaatggggagggtgttcaagtacttgaaccccacaaaacactgctactagtaatgtgattcctcaggcc 
atcaagggcaggacctgggtgagtccggatcaaggctgacaccaggaagatgtgatcacccaagagggaagcccctcctcctaagaaatgtctgcatg 
ggagcccctcacagccaccttgcccagtgagtgggtcaaaggctagcggttggtcatgaggattttgacttagactcaagccaggcagcccagccccag 
gactctaccctgggtttctagaccttaagccattcttctgagccttgatttcctcatctcggcggaccgggactgtcttgaaggactcagcctggagtacacag 
5 aagtgggacacctgaggctgggtagagccaatgccctcttacatgattcctcagaaatgtggtggcctcattataggggtggtccaggcagtcaccagaa 
gtctctgctgtagtctatagcatcttgfctgtgtgcttggt^^^ 

ctctgggccaagtgaagatgaaaatagttctggaggctgtcctgagcatcctggctagagtctcatgagcccagtcgtgatgtggaaacaagtcgtgtgcc 
ccaaatatctgtcagaatgccacccaccctccacacttcaataaaagaacaccctcctcatatgtctcaataaagaataaaggaagctgtgtatatcg 

10 SEQIDNo.41 

MHLNSSVQQGAPSEPGAQPFPHPQFGLETMLLALSLSNGSGNSSESILEPNSNLDVNTDIYSKVLV 
TAVYLALFVVGTVGNSVTAFTLARKKSLQSLQSTVHYHLGSLALSDLLILLLAMPVELYNFIWVH 
HPWAFGDAGCRGYYFLRDACTYATALNVASLSVERYLAICHPFKAKTLMSRSRTKKFISAIWLA 
15 SALLAVPMLFTMGLQNRSADGQHPGGLVCTPTVDTATVKVVIQVNTFMSFLFPMLIISILNTVIAN 
KLTVMVHQAAEQGRGVCTVGTHNSLEHSTFNMSIEPGRVQALRHGVLVLRAVVIAFVVCWLPY 
HVRRLMFCYISDEQWTTFLFDFYHYFYMLTNALFYVSSAINPILYNLVSANFRQVFLSTLACLCPG 
WRRRRKKRPTFSRKPNSMSSNHAFSTSATRETLY 
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